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188 Filed Nov 9 1951 Harry M. Hull, Clerk 

IN THE DISTRICT COURT 
OF THE UNITED STATES 
For the District of Columbia 


PURDUE RESEARCH FOUNDATION, 
a corporation, Lafayette, Indiana, and 
SEYMOUR BENZER, Pasadena, California, 

Plaintiffs, 


vs. 


JOHN A. MARZALL, 
Commissioner of Patents, 
Washington, D. C., 

Defendant. 


Civil Action No. 4685—’51 


Complaint to Secure Issua/nce of Patent 

To the Honorable Judges of the District Court of 
the United States for the District of Columbia 
The plaintiffs, for their complaint, allege: 


1 . 

That the jurisdiction of this Court depends upon the 
Statutes of the United States relating to the grant and 
issuance of Letters Patent of the United States, and 
particularly upon that certain section thereof known as 
R. S. 4915. U. S. C., title 35, Sec. 63, as amended. 

2 . 

That plaintiff, Purdue Research Foundation, is a cor¬ 
poration of the State of Indiana, having a place of busi- 
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ness at Lafayette, Indiana, and that plaintiff, Sey- 
189 mour Benzer, is a citizen of the United States, and 
a resident of Pasadena, California, formerly a resi¬ 
dent of West Lafayette, in the State of Indiana. 

3. 

That defendant, John A. Marzall, is the Commissioner 
of Patents of the United States, is officially a resident of 
the District of Columbia, and is being sued in his official 
capacity as the Commissioner of Patents. 

4. 

That plaintiff, Seymour Benzer, did invent certain new 
and useful improvements in Electrical Devices, for which 
invention an application for Letters Patent of the United 
States was filed in the United States Patent Office on 
January 23, 1946, entitled “Electrical Devices,” which 
application was given the Serial No. 642,960. 

5. 

That on the 21st day of January, 1946, the plaintiff, 
Seymour Benzer, by an instrument in writing, did sell, 
assign, and transfer unto plaintiff, Purdue Research 
Foundation, the entire right, title, and interest in and to 
said invention and in and to said application, whereby 
Purdue Research Foundation was vested with and is now 
the owner of the entire right, title, and interest in and to 
said invention and application and any patent to be 
granted thereon. 

6 . 

That said application was filed in accordance with the 
Laws of the United States and with the Rules of Practice 
of the Patent Office. 
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190 7. 

That said application has been duly prosecuted in 
accordance with the Laws of the United States and with 
the Rules of Practice of the Patent Office. 

8 . 

That a patent on the aforesaid application has been 
refused by the Board of Appeals of the United States 
Patent Office and by the Commissioner of Patents, de¬ 
fendant herein. 

9. 

That the invention involved in this proceeding relates 
to improvements in electrical devices, and more particu¬ 
larly to a device comprising a semi-conductor element 
made of substantially pure germanium, the surface of 
which is contacted by a metal electrode or whisker, which 
device acts as a rectifier of electricity and, in addition, 
has certain desirable negative resistance properties. 

10 . 

That said application has been passed upon by the 
Primary Examiner, who refused to allow any of the 
claims of said application, and that the Primary Exam¬ 
iner finally rejected the following claims: 

16. The electrical device claimed in claim 23 wherein 
the current flow in the forward or law resistance direc¬ 
tion through the said device obtained at voltages 

191 of less than two volts is of a substantial order as 
compared to the current flow in the high resistance 

direction at voltages of the order of 5 volts and in excess 
thereof. 

18. The device claimed in claim 23 wherein the voltage 
peak in the high resistance direction occurs in the range 
between 5 and 40 volts. 
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19. The electrical device claimed in claim 23 wherein 
the resistance in the forward or law resistance direction 
is of the order of between 20 and 200 ohms. 

21. An electrical device comprising a body of ger¬ 
manium having a purity at least of the order of 99%, 
electrical terminal means for establishing electrical con¬ 
tact with one surface of the body, and a metallic conduc¬ 
tor positioned in contact with a point on the surface of 
the body said point being selected to provide the property 
such that when the potential upon Hie body is negative 
the potential upon the conductor will be positive and 
the current flow through the body at voltages of the 
order of between 1 and 2 volts is high as compared to 
the current flow when the potentials on the body and the 
said electrical conductor are reversed and the voltages 
applied are in excess of 10 volts. 

22. An electrical device comprising a body of germa¬ 
nium having a purity in excess of 99%, the said body 
having an electrical terminal connection with a first sur¬ 
face thereof and an electrical conductor contacting one 
point of a second surface thereof said point being se¬ 
lected to provide the property such that when the poten¬ 
tial applied to the body is negative the potential upon 

the contacted conductor is positive and current 
192 which flows at voltages of the order of between 
1 to 2 volts on the body is high and the resistance 
in this direction of current flow is of the order of 20 to 
200 ohms as compared to relatively low current flow 
with the potential upon the body reversed and the voltage 
applied to the body is in the range between 10 and 40 
volts. 

23. An electrical device comprising a body of semi¬ 
conducting germanium of a purity in excess of 99%, a 
contact element establishing electrical contact with one 
surface area of the body, and a metallic conductor in 
electrical conductive contact with a point on a surface 
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of said body, said point being selected to provide the 
property that when a voltage is applied across said de¬ 
vice, the current-voltage characteristic in the back or 
high resistance direction exhibits a voltage peak of at 
least 5 volts beyond which peak an incremental increase 
in current is accompanied by an incremental decrease in 
voltage drop across the device. 

24. An electrical device comprising a body of semi¬ 
conducting germanium of a purity in excess of 99%, elec¬ 
trical terminal means for establishing electrical contact 
with one surface of the body, and a metallic conductor 
positioned in contact with a point on a surface of said 
body, said point being selected to provide the property 
such that when a voltage is applied across said device 
and the potential upon the body is negative, the potential 
upon the conductor will be positive, and the current 
voltage characteristic of the device in the back or high 
resistance direction exhibits a voltage peak of at least 5 
volts beyond which peak an incremental increase in cur¬ 
rent is accompanied by an incremental decrease in volt¬ 
age drop across the device. 

193 11. 

That from the decision of the Primary Examiner, an 
appeal was taken to the Board of Appeals of the United 
States Patent Office, which affirmed the rejection of the 
Primary Examiner in its decision dated May 16, 1951; 
and that no appeal has been taken to the United States 
Court of Customs and Patent Appeals from said decision. 

12 . 

That the invention is new and useful and was not 
known or used by others in this country before the in¬ 
vention thereof by said Seymour Benzer, and was not 
patented or described in any printed publication in this 
or any foreign country before the invention thereof by 
said Seymour Benzer, or more than one year prior to 


his said application for patent therefor, and not in public 
use or on sale in the United States for more than two 
years prior to said application, and not patented in any 
country foreign to the United States on an application 
filed by said plaintiff, Seymour Benzer, or his legal rep¬ 
resentatives or assigns, more than twelve months prior 
to said application for United States Letters Patent, and 
has not been abandoned. 

WHEREFORE, the plaintiffs pray: 

I. That this Honorable Court adjudge that plaintiffs, 
Purdue Research Foundation and Seymour Benzer, are 
entitled according to law to receive Letters Patent of the 
United States for the aforesaid invention as defined in 
claims 16, 18, 19, 21, 22, 23, and 24, hereinbefore re¬ 
cited. 

194 II. That this Honorable Court decree that the 
Commissioner of Patents be directed to allow the 
aforesaid claims 16, 18, 19, 21, 22, 23, and 24, and such 
other claims as upon hearing the Court may find patent- 
able, and to issue to plaintiffs, Purdue Research Foun¬ 
dation and Seymour Benzer, United States Letters Pat¬ 
ent containing said claims. 

III. For such other and further relief as the nature of 
the case may require and as to this Honorable Court 
may seem meet. 

PURDUE RESEARCH FOUNDATION 

SEYMOUR BENZER 

By /s/ Harold T. Stowell 
Harold T. Stowell 
Attorney for Plaintiffs 
Warner Bldg., 

Thirteenth and E Streets, 

N. W. 

Washington 4, D. C. 

National 6856 
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Of Counsel: 

/s/ John A. Dienner 
/s/ Edward C. Grelle 

53 West Jackson Boulevard 
Chicago 4, Illinois 

• • • * 

195 Filed Nov 23 1951 Harry M. Hull, Clerk 

Answer to the Complaint 

To the Honorable the Judges of the United States 
District Court for the District of Columbia. 

1, 2, 3. The defendant admits the allegations of para¬ 
graphs 1, 2, and 3 of the complaint. 

4. He admits the filing of the application as alleged 
in paragraph 4. He denies that such application dis¬ 
closed any invention which would justify the allowance 
of the claims set forth in the complaint. 

5, 6, 7, 8, 9, 10, 11. He admits the allegations of para¬ 

graphs 5 to 11, inclusive. 

196 12. He denies the allegations of paragraph 12. 

FURTHER ANSWERING, the defendant states 
that the claims set forth in the complaint are not patent- 
able to the plaintiffs for the reasons given and in view 
of the references cited in the final rejection of the plain¬ 
tiffs’ claims, in the Examiner’s statement and in the 
decision of the Board of Appeals. Profert of copies of 
the said final rejection, statement, decision and references 
is hereby made. 

Respectfully submitted, 

/s/ E. L. Reynolds 

Solicitor, U. S. Patent Office, 
Attorney for Defendant. 

• • • • 


197 Filed Feb 19 1953 Harry M. Hull, Clerk 


Order 

Upon consideration of the fact that Robert C. Watson 
succeeded to the office of Commissioner of Patents on 
February 18, 1953, in place of John A. Marzall, who re¬ 
signed, and it appearing that there is substantial need 
for continuing and maintaining the above-entitled action, 
now therefore it is this 19th day of Feb 1953 

ORDERED that Robert C. Watson, Commissioner of 
Patents, be and he is hereby substituted as party defend¬ 
ant in place of John A. Marzall, formerly Commissioner 
of Patents. 

/s/ F. Dickinson Letts 
Judge 

• • • • 

198 Filed Apr 30 1953 Harry M. Hull, Clerk 

Findings of Fact 

1. This is a suit brought under the provisions of Sec¬ 
tion 4915 R. S. (35 U.S.C., 1946 ed., 63) in which the 
plaintiffs, Purdue Research Foundation and Seymour 
Benzer, as the assignee and the applicant, respectively, 
of an application for patent, Serial No. 642,960, entitled 
“Electrical Devices ,’’ filed in the United States Patent 
Office on January 23, 1946, sought to have the Court 
authorize the issuance to them of a patent containing 
claims 16, 18, 19, 21, 22, 23, and 24 of that application. 
All of these claims were rejected by the primary exam¬ 
iner and the Board of Appeals, and no claim was allowed 
by the tribunals of the Patent Office. 

2. The application in suit discloses an electrical device, 
having utility as a crystal rectifier, comprising (1) a body 
of germanium or germanium crystal; (2) a metallic con- 
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doctor plate to which one surface of said crystal is at¬ 
tached; and (3) a metallic conductor, electrode, or cat’s 
whisker having point contact with another surface 
199 of the same crystal. Applicant Benzer asserts 
that the crystal is of a purity in excess of 99%, 
and his specification ascribes the performance of the 
electrical device to impurities in the crystal, but it does 
not identify the impurities by name. The performance 
of the electrical device is graphically illustrated in Fig. 2 
of the application. The graph shows, and the specifica¬ 
tion sets forth, in particular, that when the potential 
upon the crystal is negative and the potential upon the 
cat’s whisker accordingly is positive, the current flow 
through the crystal at voltages of the order of between 
1 and 2 volts is high as compared to the current flow 
when the potentials on the crystal and the cat’s whisker 
are reversed and the voltages applied are in excess of 
10 volts, and that the current-voltage characteristic of 
the device in the back or high resistance direction ex¬ 
hibits a voltage peak of at least 5 volts beyond which 
peak an incremental increase in current is accompanied 
by an incremental decrease in voltage drop across the 
device. 

3. While claims 16, 18, 19, 21, 22, 23, and 24, in suit, 
recite that the germanium crystal shall be of a purity in 
excess of 99%, they do not specify the impurities in the 
crystal which cause the electrical device so to perform, 
but instead set forth its performance. 

4. As the principal reference, the article entitled ‘‘On 
Contact Rectification by Metallic Germanium,” published 
by Ernest Merritt at pages 743 to 748 of Vol. 11, 1925, of 
the Proceedings of the National Academy of Science, dis¬ 
closes a crystal rectifier composed of a germanium crys¬ 
tal mounted on a metal contact of large area, and probed 
by a cat’s whisker or metal rod. The research scientist 
repeating the experiments reported by Merritt would nat- 
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urally test the effect of eliminating impurities from 
known condition in which the germanium was found. 

200 5. As a secondary reference, the United States 

Patent to Ohl, No. 2,402,839, granted June 25, 1946, 
upon an application filed March 27, 1941, discloses a 
crystal rectifier composed of a silicon crystal mounted 
on a contact of large area, and probed by a cat’s whisker 
or fine contact wire. Ohl teaches that when the silicon 
crystal is of a purity in excess of 99%, the rectification 
is remarkably improved. 

6. In his article, Merritt teaches that silicon and ger¬ 
manium have similar rectifying properties. 

7. In view of the teachings of the Merritt article 
that silicon and germanium have similar rectifying prop¬ 
erties, and of the teachings of the Ohl patent that im¬ 
proved rectification results from a silicon crystal of a 
purity in excess of 99%, nothing more than simple re¬ 
search was needed to provide industry with the electri¬ 
cal device described in the Benzer application in suit and 
expressed in the claims under review, in which the ger¬ 
manium crystal is of a purity in excess of 99%, and 
invention was not required. 

8. Claims 16, 18, 19, 21, 22, 23, and 24, in suit, are 
unpatentable over the Merritt article alone, and are also 
unpatentable over the Merritt article in view of the pat¬ 
ent to Ohl. 

9. Dr. Karl Lark-Horovitz and, the witness, Dr. Ran¬ 
dall M. Whaley, as associates of applicant Benzer at 
Purdue University, undertook, subsequent to the experi¬ 
mental work outlined by Benzer in his application, to de¬ 
termine what impurities, deliberately alloyed with pure 
germanium, would produce a crystal to serve in a recti¬ 
fier that would perform in the manner described in the 
application of Benzer, and recited in his claims, in suit. 
The alloys found by them so to serve, and the rectifiers 
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made therefrom, are the subjects of United States Pat¬ 
ent No. 2,514,879, granted to Lark-Horovitz and 

201 Whaley on July 11, 1950, and assigned to Purdue 
Research Foundation. 

10. In that the impurities requisite in a germanium 
crystal for it to serve in a rectifier performing in the 
manner described in the Benzer application, and recited 
in the Benzer claims, are not named in said Benzer ap¬ 
plication, the application is inadequate and defective as 
a disclosure under 35 U.S.C., 1946 ed., 33 (Section 4888 
R. S.) and 35 U.S.C., 1952 ed., 112. 

11. In that claims 16, 18, 19, 21, 22, 23, and 24, in 
suit, express such rectifier in terms of how it performs, 
to the exclusion of all definition of the impurities in the 
germanium crystal which bring such performance about, 
they are indefinite, too broad, and functional, and, in 
consequence, are not allowable. 

Conclusions of Law 

1. An applicant for patent is required by 35 U.S.C., 
1946 ed., 33 (Section 4888 R.S.) and 35 U.S.C., 1952 ed., 
112, to file in the United States Patent Office, a written 
description of his alleged invention, and of the manner 
and process of making and using it, in such full, clear, 
concise, and exact terms as to enable any person skilled 
in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same. 

2. A claim is functional if it seeks to define the gist 
or essence of an alleged invention by a statement of 
purpose, a desired result, or a mode of operation, instead 
of by means for achieving the desired end. 

3. A broad claim couched in functional terms would 
extend the patent monopoly beyond the invention made, 

would tend to foreclose efforts to devise other 

202 means to accomplish the same result, and would 
discourage rather than promote invention. 
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4. Plaintiffs are not entitled to a patent containing 
any of claims 16, 18, 19, 21, 22, 23, and 24, of the Benzer 
application, Serial No. 642,960, in suit. 

5. The complaint should be dismissed as to all the 
claims in the suit. 

/s/ James R. Kirkland 
Judge 

• • • • 

203 Filed Apr 30 1953 Harry M. Hull, Clerk 

Judgment 

This action came on to be heard at the last term, and 
thereupon upon consideration thereof, it is this 30th day 
of April, 1953 

ADJUDGED that the complaint be and it is hereby 
dismissed, with costs against plaintiffs. 

/s/ James R. Kirkland 
Judge 

• • • • 

204 Filed Jun 18 1953 Harry M. Hull, Clerk 

Notice of Appeal 

Notice is hereby given that Purdue Research Founda¬ 
tion, plaintiff above named, appeals to the United States 
Court of Appeals for the District of Columbia from the 
final judgment entered in this action on April 30, 1953. 

/s/ Harold T. Stowell 
Harold T. Stowell 
Attorney for Purdue Research 
Foundation, Appellant 
Warner Building 

Washington 4, D. C. 

• • • • 
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1 Filed Jun 10 1953 Harry M. Hall, Clerk 

Washington, D. C., 
Tuesday, March 17, 1953. 

The above-entitled action came on for trial on the 
merits before the HONORABLE JAMES R. KIRK¬ 
LAND, United States District Judge, at 10:15 o’clock 
a.m. 

APPEARANCES: 

On behalf of the Plaintiffs: 

HAROLD T. STOWELL, Esq., 

JOHN A. DIENNER, Esq., and 
ARTHUR C. JOHNSON, Esq. 

On behalf of the Defendant: 

CLARENCE W. MOORE, Esq. 


• • * • 

20 Randall McVanf Whaley 

was called as a witness on behalf of the plaintiff, and 
being first duly sworn, was examined and testified as 
follows: 

Direct Examination 
BY MR. DIENNER: 

Q Dr. Whaley, will you please give your full name, 
your age, residence and occupation? A Randall McVay 
Whaley, and I am 37 years old. I live at Rural Route 
10, Lafayette, Indiana. I am Associate Professor of 
Physics at Purdue University, Lafayette, Indiana. 

Q Please state your educational qualifications. A 
After graduating from high school, I attended Indiana 
University for two years with a major in physics, leav¬ 
ing Indiana University to go to Colorado, eventually 
registering there in physics where I secured a Bachelor’s 
degree in 1938; continuing at Colorado for two more 


years receiving a Master of Science degree—rather, a 
Master of Arts degree in Physics at Colorado. That 
Master of Arts degree was granted in 1940. I worked 
at G.M. Laboratories, Incorporated, in Chicago from the 
period from June 1940 to January 1942 as technical as¬ 
sistant to the sales manager of that corporation. From 
January 1942, I was enrolled at Purdue University as a 
graduate student in physics, where I engaged in research, 
teaching and formal studies leading to the advanced 
21 degree, the Doctor of Philosophy degree which I 
received in February 1947. Subsequently, I have 
been on the staff of the Department of Physics at Pur¬ 
due University, the position I now hold. 

Q What have been your activities while you have 
been so engaged on the staff of Purdue University? A 
You mean subsequent to my degree? 

Q Yes, subsequent to your degree. A Part of my 
time has been devoted to teaching, part to the direction 
of graduate research, part to a variety of administrative 
problems in relation to the Purdue Research Foundation. 

Q You spoke of the G. M. Corporation. What was 
its product and activity? A The G. M. Laboratories, 
during the time I was employed with them, manufactured 
electrical laboratory apparatus, photoelectric cells, photo¬ 
graphic exposure meters, relays, galvanometers, rheo¬ 
stats, and so forth. They have subsequently gone into 
other fields, but primarily an electrical manufacturing 
industry. 

Q Did they have a line of electronic products? A At 
that time not what we would normally call today elec¬ 
tronics. 

Q But photoelectric cells? A Photoelectric cells were 
included. 

Q Do you know a Mr. Seymour Benzer? A 
Yes, I do. 


22 
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Q Who is the applicant in the present application? 
A Yes. 

Q Tell us briefly who he is. A Dr. Seymour Benzer 
is now Assistant Professor in the Department of Physics 
at Purdue. He entered Purdue approximately the same 
time I did in 1942, at that time beginning his graduate 
program in physics. He came, I believe, from New York 
and early in 1942, he engaged in teaching in the Depart¬ 
ment of Physics and later on in 1942, began research in 
the department in the same research group with which I 
was affiliated in the Department of Physics. 

Q Are you familiar with a program for the develop¬ 
ment of crystal rectifiers which Benzer had any contact 
with? A Very intimately so. 

Q Did you have any contact with that? A Yes, I 
did, I was engaged in the same program. 

Q Please tell us about that program and what part 
you took in it, and also what part Dr. Benzer took in it. 
A My particular part in this program—should I indi¬ 
cate what the program consisted of? 

Q If you please. A The Department of Physics of 
Purdue, early in 1942, took a contract with the 
23 Office of the Scientific Research and Development, 
an N. D. R. C. contract, I believe it was called, 
working out of the Radiation Laboratory at M. I. T., to 
engage in research concerned with crystal rectifiers. It 
was a very pressing problem in the war. It was felt 
that a team of physicists, experienced in basic research 
problems, could perhaps shed some light on serious diffi¬ 
culties that were confronting manufacturers and users of 
radar apparatus, which we now know was a very impor¬ 
tant piece of equipment during the war. 

We, at Purdue, undertook to study some of the basic 
properties of crystal rectifiers with the hope that out of 
our fundamental investigations, we would gain, first of 
all, a better understanding of the mechanism involved, a 
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better understanding of the operation of crystal rectifiers. 

Q You spoke of a pressing problem, what was the 
nature of that problem? A The problem was to pro¬ 
vide a more efficient, a more reliable cyrstal component 
for the radar set because that was, I am sure, the weak¬ 
est part of the radar system. 

Q Explain briefly what the radar system is and where 
this crystal enters in; don’t go into great detail, but put 
before the Court a picture of what the function of this 
particular element may be. A The radar system con¬ 
sisted of a generator of very high frequency radio 
24 impulses; they were called microwaves; this was a 
new term assigned to them. They were very 
high frequency, ranging from the order of 1,000 mega¬ 
cycles up and this high frequency radio signal had prop¬ 
erties that were not held by ordinary radio signals, 
namely, when projected from the transmitter, they would 
go out in a relatively straight line and could be reflected 
from a target, so-called. The reflected beam, when prop¬ 
erly received and identified, served as a means of locat¬ 
ing the direction and other things concerning the target; 
in other words, it was a means of identifying a target 
out in space by means of this radio signal. 

One of the key problems was to detect this very weak, 
reflected signal and, inasmuch as the frequencies used 
were very high indeed, it was early found that the 
vacuum tubes were not adequate for this purpose—oh, 
they would operate but they were not at all adequate, 
and so the crystal rectifier was reinserted as a function 
in electronics. It was used in this radar receiver, it was 
found to work much better than tubes. However, it 
wasn’t as satisfactory as one needed, because it was un¬ 
reliable both mechanically and electrically and, as a 
matter of fact, the story is, and I believe this, that when¬ 
ever radar systems would fail, the first thing that would 
happen would be the operator would look to the crystal 
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component in this receiver as a possible source of the 
difficulty. It was a very weak component. 

Q What would the operator then do? A He 

25 probably would throw it away and replace it, 
because it was always suspected as being the 

source of trouble, a very unsatisfactory unit from that 
point of view. It was unsatisfactory, as I have indi¬ 
cated, because it was unreliable electrically and mechani¬ 
cally, and also because it w’ould burn out. The burn-out 
problem is related to this feature of the radar system, 
I think you can visualize this, that if the transmitter 
which sends out a rather large signal is expected to send 
out sufficient signal that a small portion of that, when 
reflected back to be detected, that the receiver located 
nearby would also receive a portion of this large trans¬ 
mitted signal and that spike of power coming through 
the receiver from the transmitter would cause these crys¬ 
tal detectors—they were the first element in the radar 
receiver—to burn out. They were not reliable from that 
point of view. 

Q By the way, where was this problem first encoun¬ 
tered, according to your information, the radar problem? 
A Where ? 

Q Yes. A You mean in time or in location? 

Q By whom was it, the United States, England, or 
somebody else? A I am not as competent to comment 
on this as others might be; radar was developed, as I 
understand it, both in England and in this country, both 
groups working on it. As to who first observed 

26 that silicon crystal rectifiers were poor in this 
respect, I don’t know, but it was certainly early 

observed by all groups. 

Q Who first adopted the use of radar and conveyed 
to you the knowledge that a crystal was used; what is. 
your information on that? A I first heard about it from 
the Radiation Laboratory at M.I.T. 
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Q Had you any information as to what use England 
had made of radar before the United States came in the 
war? A No, I had no information on that. 

Q Will you proceed with the statement of what the 
Purdue team did in connection with the problem put be¬ 
fore it? A We, first of all, took the crystal rectifiers 
that were in use in radar, namely, silicon rectifiers, and 
studied them and, at the same time, we sought for other 
materials which might make better rectifiers for this so- 
called first component, that is in the radar receiver. It 
is the first detector or mixer component of the radar re¬ 
ceiver. Incidentally, the designation “mixer” indicates 
it serves to mix a local oscillator signal with the re¬ 
ceived, reflected signal from the target. 

We were concerned, in our group, with studying other 
materials to see if we could not produce a better rectifier, 
>n the one hand, and to study those materials for their 
basic semi-conducting properties, in the hope that 
J7 we could provide a better rectifier theory. There¬ 
fore, a portion of the program was directed to 
making these other rectifying materials available for our 
study, and another portion was to test those, and still a 
third portion was to develop the theoretical explanations 
of the observations that we made, so that—I believe you 
asked what was my particular role? 

Q Yes, what was your particular role. A My par¬ 
ticular role was primarily in the preparation of mate¬ 
rials for investigation, lead sulphide, galena that is, and 
germanium, and early in the program germanium became 
the most thoroughly investigated material that we dealt 
with in our research group. 

Q Were you informed as to whether any other teams 
investigated germanium at that time? A Yes, the 
Sperry Gyroscope Company had a group working on ger¬ 
manium and subsequently a group of General Electric 
Company worked with germanium. Of course, we knew 
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that germanium was a rectifier as indicated in the Mer¬ 
ritt article in the same fashion as the silicon rectifier would 
operate, and it was our understanding that a group in 
England had worked somewhat with germanium as well. 

Q What did those groups do in connection with fixing 
on a material to be developed by them? A The group 
in England, to comment briefly, to the best of my infor¬ 
mation, worked for a wiiile with germanium and 
28 abandoned it because it wras not satisfactory and 
they settled on silicon, spending all of their efforts 
thereafter improving the silicon diode, the silicon crystal 
rectifier wrhich was used both in England and in this 
country for the first detector in the radar set. The Sperry 
group early gave up their germanium studies and the 
General Electric group worked for a while with ger¬ 
manium, letting it fall into abeyance as far as work is 
concerned, reopening and reemphasizing the germanium 
program later in the w^ar. 

Q You referred to information as to what had been 
done by British investigators. Can you refer to any doc¬ 
umentary evidence that w r ould indicate the facts? A 
Yes, this is an article by Dr. E. G. James in “The Times 
Science Review’ ” for the summer of 1952. The title of 
the article is “Crystal Valves, Their Place in Electronic 
Developments. ,, The terminology “crystal valves ” is 
consistent with the English usage of the word “valve” 
in the same sense as we use the w*ord “vacuum tube” 
over here. 

Dr. James, very briefly in the article, covers the de¬ 
velopment of crystal diodes, crystal valves, during the 
war and subsequent to the w*ar and he makes this com¬ 
ment toward the bottom of the first column of his ar¬ 
ticle : 

“After the war it w’as found that germanium, in a 
very pure form, exhibited some properties which had 
been missed in the early days. The most import- 
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29 ant of these was the very high voltage it would 
withstand in the reverse direction. A typical cur- 

rent-voltage characteristic of a germanium crystal with 
a tungsten contact is shown in Fig. 4. The direction of 
easy flow is opposite to that of silicon, while the voltage 
in the reverse direction can be increased to about 200V 
or more before breakdown occurs. In addition, the re¬ 
sistance in the reverse direction is high—of the order of 
several megohms in some types. This high-voltage phe¬ 
nomenon with germanium was not observed in the early 
experiments because the germanium then available was 
not sufficiently pure. In fact, it is not possible to obtain 
a high reverse voltage unless the germanium is very 
pure. 7 ’ 

That confirms the comment that I made that work had 
been done earlier, but this, peculiar and particularly im¬ 
portant property of germanium had not been found. 

Q The comparison between Figures 3 and 4 is be¬ 
tween what materials'? A Figure 3 refers to the volt¬ 
age current characteristic of a silicon rectifier, and Fig¬ 
ure 4 is that of a voltage current characteristic for a 
germanium crystal rectifier. 

Q How would those characteristics be determined? 
A By electrical tests. 

30 Q And those electrical tests would be of what 
nature, generally? A By applying a voltage 

across the crystal rectifier and measuring the current that 
flowed through it, and plotting the magnitude of the cur¬ 
rent as a function of the voltage both in magnitude and 
in polarity. 

MR. DIENNER: May I introduce pages 14 and 15 of 
this article? 

By the way, what newspaper is that you are quoting? 

THE WITNESS: “The Times Science Review” for 
the summer of 1952. 

THE COURT: Any objection, Mr. Moore? 
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MR. MOORE: No objection, and no objection to the 
photostat. 

THE COURT: Let it be received. 

MR. DIENNER: May we introduce pages 14 and 15 
of the publication, “The Times Science Review” summer 
of 1952 as the Plaintiff’s Exhibit No. 2? 

THE COURT: I don’t follow you there, sir. You 
identify that as Plaintiff’s Exhibit 21 

MR. DIENNER: I should like to put in the file his¬ 
tory, the certified file history of the application and pro¬ 
ceedings thereupon as Plaintiff’s Exhibit No. 1. 

MR. MOORE: No objection. 

THE COURT: Very well, let the file exhibit be 
6 \ designated No. 1 and the photostat of The Times 
Science Review, summer 1952, be designated Plain¬ 
tiff’s Exhibit No. 2 and both will be received. 

MR. DIENNER: Thank you. 

(File Wrapper and contents were marked Plaintiff’s 
Exhibit No. 1 for identification and received in evidence.) 

(Article by Dr. James in “The Times Science Review” 
was marked Plaintiff’s Exhibit No. 2 for identification 
and received in evidence.) 

BY MR. DIENNER: 

Q Will you please explain further the steps that you 
took in this program and your duties in connection with 
the program? A My responsibility was, as I indicated, 
primarily to prepare materials and secure materials of a 
semi-conductor nature for production of rectifiers so that 
we could study them and their properties, and in order 
to do this effectively and to get away from the proced¬ 
ures that were then in force in production of crystal 
rectifiers, it was our effort to secure materials as pure 
as possible so that we then might determine what effects, 
were produced by specific impurities. 

Q May I interrupt and ask you, what was the source 
of germanium, either the metal or in the raw material 
from which you got it? A Germanium occurs 



32 widely distributed in the earth’s crust. It does 
not occur isolated in nature, so that when one 

wants to secure germanium, it has to be concentrated from 
a very, very diffuse distribution and that process of con¬ 
centration has, up to this time, been primarily connected 
with the zinc and lead mining industry. The Eagle- 
Picher Company in this country has been the principal 
supplier of germanium, finding germanium concentrated 
in some of their residues in their mining operations, their 
processing operations, and we would receive from them 
samples or shipments of germanium that we would order 
and would work with in our laboratory. 

Q Was there one particular company that you dealt 
with? A The Eagle-Picher Company. 

Q And do you know whether that was the major pro¬ 
ducer or not? A Without question, that was the major 
and still is the major producer of germanium in this 
country and, at that time, it was the major producer of 
germanium in the world. 

Q Please continue with your work on this program. 
A In order to study, as I indicated, the properties of 
the semi-conducting materials, particularly germanium, 
we wanted to get it as pure as possible so that we could 
eliminate the uncertainties inherent in a wide variety of 
impurities in the samples. As a matter of fact, 

33 prior to our work, the germanium used by others 
was available or obtained from various sources; of 

course, I don’t know where others secured their german¬ 
ium for sure, but germanium crystals were made having 
various properties and we knew that. 

Some of our early germanium production in our group 
exhibited a wide variety of rectifying properties. The 
properties were not consistent, so we wanted to ascer¬ 
tain what very highly purified germanium would exhibit 
in the nature of electrical properties. That was our ob¬ 
jective in the material program. 
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Q What characteristics had you obtained up to the 
time of your recital now? A Some of the germanium 
we tested was very poor indeed, in the sense that it 
would not make suitable rectifiers; some of them were 
moderately good and some of them were relatively good 
rectifiers, in the sense that Merritt would disclose in his 
article and also in the sense that they would operate as 
a first detector in the radar receiver, the mixer crystal, 
they were comparable to silicon in that respect 

Q So that up to this point in your narrative, you 
have secured samples of germanium for your team and 
have sought, from this source, to get, well, you might say, 
to a level where you could begin experimenting, is that 
correct? A That is correct. 

Q And that was in connection with the attempt 
34 to obtain a purer material? A Yes. 

0 Then what did you do, what happened? A 
Of course, the whole objective of getting the purified 
germanium was to test it and make devices out of it, and 
we divided up our activities. Benzer was assigned the 
responsibility of studying this material for its burn-out 
property, for its ability to withstand, essentially, the high 
pulses of power that would come back to the crystal in 
the radar receiver. 

Q What had he been doing up to this time? A That 
w*as substantially his first major assignment. 

Q In other words, he was testing crystals to deter¬ 
mine their burn-out quality? A That is. correct. 

Q Now, then, what happened? A Well, he found in 
the purest samples of germanium that we were able to 
give him, a remarkable characteristic, he found that the 
germanium had a property that was entirely unknown in 
the field of crystal rectifiers up to that time, namely, that 
when this germanium was assembled in the form of a 
rectifier, that it would not only rectify, that is pass cur¬ 
rent in one direction and not in the other, relativelv 
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speaking, it would also withstand relatively large amounts 
of power. It would also withstand, without break- 

35 ing down, without burning out, without being de¬ 
stroyed, high voltages in the high resistance or the 

blocking off direction of the operation. It also had a 
peculiar characteristic in the high resistance direction 
that it would have a negative resistance portion exhibited 
in the voltage current characteristic. By that I mean that 
after the voltage had been applied in testing the rectifier 
made of this highly purified germanium, after the voltage 
had reached a certain high value, further increase in 
current through the rectifier would be accomplished by a 
voltage drop across the device, the voltage would de¬ 
crease thereafter, this gives a natural self-protecting 
feature. 

THE COURT: I think it would be in order at this 
time to take our customary morning recess- 

(A short recess was taken.) 

BY MR. DIENNER: 

Q You had referred to two properties of the german¬ 
ium crystal which Mr. Benzer discovered. Will you please 
explain that a little bit further? A The two properties 
of the germanium crystal that Benzer discovered, you 
say? 

Q Yes. A Yes. One of them was the extraordinary 
unexpected property that this little crystal rectifier using 
germanium, the germanium of high purity, would stand 
a very high inverse voltage, that is a high voltage in 
the high resistance direction for current flow 

36 through the device as compared with any previous 
crystal rectifier. It was completely unexpected; by 

that, I mean that you could place this rectifier in an elec¬ 
trical circuit wherein relatively high voltages were em¬ 
ployed and the rectifier would pass current easily in one 
direction, that is, it would present a low resistance to the 
current flow, whereas in the other direction it would pre- 
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< it a high resistance to current flow so that only small 
n.rrents would flow and, furthermore, in this high volt¬ 
age circuit, it would hold the current down, even to the 
order of 10, 20, 30 or 40, and more volts; that means you 
eo aid employ this rectifier in a circuit wherein you had 
these high voltages applicable across the rectifier, on the 
one hand passing sizeable currents and on the other hand 
vithout damaging the rectifier. It was the first crystal 
rectifier that could ever be employed in a circuit of this 
nature. It was unpredicted and unexpected. 

Furthermore, if by chance you were to employ such 
a crystal rectifier in a circuit where fairly high voltages, 
relatively high voltages compared with those used with 
other crystal rectifiers, if you put it in such a circuit and 
then suddenly you greatly increased the voltage, that is 
you increased the power applied, you still wouldn’t burn 
the crystal out, you still wouldn’t destroy it, because after 
the current reached a certain value, the voltage 
37 dropped, that is, the voltage that would appear 
across the crystal would decrease. What this 
amounts to in electrical terminology is that the crystal 
rectifier just did not dissipate any more than a certain 
amount of power, it was self-protecting, the heating up 
was minimized; it is like a valve in a water circuit, if 
you consider a valve in this sense, it will let water flow 
in one direction and not in the other and if the valve 
suddenly experienced a terrific pressure in the direction 
opposite to easy flow of water, if a valve would break 
because the pressure was too high, then you would say, 
well, it failed in service; whereas, if that valve had built 
in it some property whereby it would, in fighter termi¬ 
nology, it would roll with the punch, it would be easy 
to let the burst of current through without being dam¬ 
aged, then it is self-protecting, the valve could then be 
used thereafter, it could take the sudden overflow with¬ 
out damage to itself. 
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Those two features were inherent in this particular 
device that Benzer discovered. 

Q Now, by reference to the drawings of the applica¬ 
tion, which have been previously introduced as Exhibit C, 
will you please explain to the Court how the properties 
—well, I will ask you first, are those properties indicated 
in any way on those drawings? A Very definitely. 

Q Will you please explain to the Court how 

38 they are so illustrated? A Well, in Figure 2, the . 
so-called voltage current characteristic of the ger¬ 
manium rectifier symbolized in Figure 1, namely, Figure 

1 covers an element of germanium which is No. 5 with 
a point contact electrode No. 10, and a large area back¬ 
ing contact No. 9. With those components, if you apply 
a voltage across the germanium which has a small area 
of contact on the one hand, and a large area of contact 
on the other, and if in the circuit you measure the volt¬ 
age drop across those two areas of contact, that is the 
electrical potential applied, and simultaneously you meas¬ 
ure for each value of applied potential a corresponding 
current that goes through the germanium, then you are 
able to plot the data so obtained as in Figure 2. 

Now, in Figure 2, the current and the corresponding 
voltages are plotted, in the upper right-hand corner is 
represented the magnitude of the current that would flow 
through such a rectifying assembly with the point con¬ 
tact, the so-called whisker, made positive electrically; 
that is, the small area of contact, symbolized on top of 
the germanium there, is positive electrically relative to 
the large area of contact on the germanium which is 
made negative. That gives you the characteristics; var¬ 
ious ones are indicated in the upper right-hand quadrant 
of this figure. In other words, substantial currents, 50, 
100, 150 milliamperes flow for different values of 

39 applied voltage, the voltage you see being relatively 
small, ranging from a fraction of a volt up to a 
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few volts. If upon reversal of the potential applied across 
the germanium, that is making now the small area of 
contact negative and the large backing area contact posi¬ 
tive, then you get the current flowing corresponding to 
different applied potentials across those two dissimilar 
areas, you then get the characteristics as indicated in the 
lower left quadrant of the Figure 2. There you see, as 
you increase this potential across those two areas of con¬ 
tact, you find that the current does not increase very 
much, a very small current flowrs relative to the current 
flowing in the other direction of polarity as indicated in 
the upper right quadrant. 

Furthermore, you see, you can apply voltages that go 
out to 5, 7, 10, out here (indicating), in excess of 40 
volts before any sizable current flow's. Even at the ex¬ 
treme case of approximately 40 volts, the current flowing 
at 40 volts in this direction is small relative to that at 
1 volt in the other. 

Q Will you hold up the chart and indicate to the Court 
the part you have reference to? A Even out at 40 
volts, the current represented when the small area, the 
whisker contact, is small, that current corresponding to 
that voltage applied across the device is small relative 
to—well, obviously, the figure indicates you can- 
40 not apply 40 volts out in the other direction, but 
this current is small relative to the high currents 
that flow at small potentials applied in the opposite 
polarity; and’this, then, is indication of this first feature, 
namely, that you can apply this in a high voltage rectify¬ 
ing circuit. 

Furthermore, the negative resistance feature which is 
the self-protecting feature of this rectifier, is represented 
by the curve for values of current exceeding that at the 
peak slightly over 40 here, this negative resistance char¬ 
acteristic is the down-sweeping characteristic. That 
means if, for example, the current is forced through this 
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device exceeding that value of current here at the peak, 
as the current increases downward, the voltage drop that 
is measured across the two dissimilar areas, the voltage 
across that (indicating), is decreased. What that amounts 
to is saying that the resistance to the flow of current is 
decreasing continuously so that you do not dissipate more 
and more heat, therefore, you do not burn out the device, 
it is self-protecting. 

Q We could somewhat illustrate that by analogy, by 
assuming that a man were standing still and if he were 
pushed in one direction, he would move easily—that 
would illustrate the upper right-hand quadrant. On the 
other hand, if he were pushed in the opposite direction, 
he would resist very heavily for a long time and not 
move at all, then he would give a little bit until the 
resistance got very great, then he would move 
41 easily. Is that correct? A Perhaps a better use 
of your illustration would be that he would swing 
aside and let the crowd go by, but he would still retain 
his original capacity; he wouldn’t be swept along and be 
destroyed in the movement, he would let it flow but he 
would retain his original position. 

Q Was that a new property? A Very definitely so 
and a surprising one to all of us. 

Q Now, what was the consequence of that discovery 
of Benzer? A Well, to make it brief, the consequence 
was that this opened up an entirely new field for appli¬ 
cation of crystal rectifiers. 

Q Well, tell me this: Can you compare, we will take 
Exhibit 2 for instance, can you compare the curves of 
this type of curve, this germanium rectifier crystal, with 
silicon and refer to Exhibit 2, if you will, please, point 
that out to the Court. A In Exhibit 2, in this article 
by Dr. James, the comparison is quite clear. The Figure 
2 in this drawing that accompanies the application in 
question would correspond to Figure 4 in the article, 
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showing a relatively high current flow for one polarity of 
voltage applied across the device in one direction, and low 
current flow in the opposite polarity even out at high 
voltages, but for higher currents beyond the so- 

42 called peak of this particular device, in this in¬ 
stance it is indicated about 100 volts, the further 

increase in current is accompanied by a decrease in volt¬ 
age as measured across the two areas of contact, the 
small area and the large area of contact on the ger¬ 
manium. They are companion illustrations. 

Q Compare that with the silicon curve. A The sili¬ 
con curve in this instance, the silicon rectifier used here, 
is of so-called P-type silicon, whereas the germanium is 
N type, so that one says it rectifies in this respect: When 
the voltage is positive on the silicon crystal, on the sili¬ 
con whisker, the current is small; but when the voltage is 
negative on the whisker, the current is high. That is 
rectification in the opposite direction, but the significant 
feature is this: that considering this as the forward direc¬ 
tion for the silicon rectifier, the current is substantial at 
the order of */> or 1 volt, but in the opposite direction 
at about 2 or 3 volts the current begins to increase 
markedly and if one were to carry this curve out, it 
would go up very rapidly indeed around 3 volts or 4 
volts or so, whereas compared with germanium, the 
current is still small out at 100 volts. 

Q That characteristic explains the difference in burn¬ 
out quality of the two, does it? A Yes, indeed. That 
means the silicon when receiving a power pulse 

43 where a voltage in excess of this would be ap¬ 
plied, therefore letting higher power to be dissi¬ 
pated, would burn out, it would destroy the rectifying 
characteristic. 

Q Now, going back to the discovery by Benzer, what 
particular material, what particular germanium was em¬ 
ployed when he made this discovery? A The highly 
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purified germanium that we had prepared in our pro¬ 
gram. 

Q Obtained from what company? A From Eagle- 
Picher Lead Company. 

Q And had you prepared any germanium for him 
through any other process than simply an ingot from 
Eagle-Picher? A Yes, indeed. We worked rather 
closely with Eagle-Picher. We were concerned with get¬ 
ting high purity material, some parts of our program in¬ 
volved the purchase of their purest germanium dioxide, 
which we would reduce by known reduction methods to 
the germanium itself, getting rid of the oxygen which 
would then give us germanium to use in our experiment. 
Both sources were used, that is germanium as an ele¬ 
ment from Eagle-Picher and germanium as an element 
which we prepared from dioxide received from Eagle- 
Picher. 

Q And the body of germanium used in the rectifier, 
did Benzer use the two sources? A Yes, indeed. 

Q That is the material which had been gotten 
44 as metal from Eagle-Picher? A Yes. 

Q And the other obtained as metal from your 
reduction? A That is correct. 

Q Did you do the reducing? A I did. 

Q Now, let’s go to the consequences of this Benzer 
discovery. What happened after his discovery was made? 
A It stimulated vigorous activity, to put it mildly. 
When the consequences of this discovery were made 
known to the group at the Radiation Laboratory, they, 
in a relatively short time, decided that a crystal rectifier 
of this particular property, with these characteristics, 
could be used to great advantage in other components of 
the radar system. At that time, the Radiation Laboratory 
at M.I.T., to my knowledge, was concerned primarily, at 
least the section we dealt with, was concerned primarily 
with the radar system and its components. They saw 
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that this made it possible, on the face of it, to use this 
to advantage in other parts of the system and requested 
that we make at Purdue some sample devices of ger¬ 
manium having this property so that they could test 
them; they did, and subsequently we -were instructed to 
make relatively large numbers of them for further study, 
and even later, they secured the cooperation of industry 
to go into pilot plant production with the ultimate ob¬ 
jective of mass production of these germanium de- 

45 vices which could serve some very important uses 
elsewhere in the radar system, a wide variety of 

uses. 

Q Now, you are talking about the program during the 
war? A Yes, I am, solely. 

Q What happened after the war in connection with 
this Benzer rectifier? A The period after the war saw' 
considerable progress made because production restric¬ 
tions w'ere relaxed and use of electronics equipment, of 
course, for peacetime and industrial as w’ell as for govern¬ 
mental purposes increased markedly. Many companies 
began to set up for mass production of these particular 
germanium rectifiers, they call them germanium diodes 
in their literature, and it was recognized even before the 
war ended by the groups, who were involved under sec¬ 
recy in this program, that here "was a real opportunity 
to have a new' electrical component for various electronic 
circuits, something entirely different from that possible 
with the silicon rectifier or any other rectifier, including 
germanium, that was knowm prior to this invention. 

Q Could you give the Court a list of the manufactur¬ 
ers who have undertaken the manufacture of the high 
back voltage germanium rectifier? A I believe I can. 
I have a partial list, at least, to my knowledge, of 

46 some manufacturers of germanium rectifiers, in¬ 
cluding Western Electric Company, the Radio Cor¬ 
poration of America, Sylvania Electric Company, Ray- 



theon Manufacturing Company, Hughes Aircraft, Philco 
Radio, General Electric, Radio Receptor, CBS Hytron, 
Germanium Products, Inc., Texas Instrument Company, 
Computer Research Corporation, Chemtron Electron 
Products, Bomack Laboratories, Transistor Products, 
Inc., and the International Rectifier Corporation. There 
may be others. These are, to my knowledge, in produc¬ 
tion now and some of them have been for some time now. 

Q Could you give us the typical tear sheets from 
magazines indicating advertisements from various com¬ 
panies? A Yes, I believe you have a number of ex¬ 
hibits that I have seen. This development has been so 
marked that companies now are in widespread advertis¬ 
ing programs featuring these devices. 

Here is one by CBS Hytron, a subsidiary of Columbia 
Broadcasting System, with their particular germanium 
diode having these properties that we have discussed. 

Here is another one, Transistor Products, they call 
theirs a “gold bonded germanium diode/* It is the same 
product. 

Here is another, Radio Receptor Company, Inc. Here 
is another one from the same company, describing differ¬ 
ent uses. 

47 Here is one from the General Electric Company 
describing the use of this germanium diode in the 
so-called “electronic brain/’ a computing circuit. Six¬ 
teen thousand such diodes go into that circuit. Here is 
another one from General Electric, listing various prop¬ 
erties. 

Here is a very interesting one by the Hughes Aircraft 
Corporation, showing their version of this diode. It is 
identical in its components, a small wafer of germanium 
with a whisker inside and two electrodes coming out. 

This is one by Western Electric Company showing 
various applications. 

Here is one by International Rectifier, showing their 
particular type of germanium diode. By particular type, 
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I mean the structure in the sense of a case, and so forth, 
the elements are the same, electrodes and germanium. 

Here is one from Raytheon, describing characteristics 
of their high back voltage germanium diode. All of these 
germanium diodes are of this high back voltage type with 
the negative resistance property. 

MR. DIENNER: Have you any objection ? 

MR. MOORE: No. 

MR. DIENNER: I would like to offer these tear 
sheets of publications illustrating advertisements of the 
high back voltage germanium crystal rectifier in evidence 
as Plaintiff’s Exhibit No. 3. 

48 MR. MOORE: I would suggest they be individ T 
ually identified as Exhibit 3-A, B, C, and so forth. 

MR. DIENNER: Thank you, I will be very happy to 
do that. 

THE COURT: Very well, let them be numbered con¬ 
secutively, and in the face of no objection, they will be 
received. 

(Tear sheets of ads vrere marked Plaintiff’s Exhibits 
Nos. 3-A through 3-K for identification and received in 
evidence.) 

BY MR. DIENNER: 

Q Can you point to any literature referring to the 
use to which these Benzer high back voltage germanium 
crystal rectifiers have been put or are offered for use? 
A Yes. 

Q Kindly do so. A There are many examples, too 
many to take time here to insert. One I would refer to 
is this list of “40 Uses for Germanium Diodes’’ put out 
by Sylvania Electric Products Corporation. The list is 
partial only, but the implication is clear, the variety of 
applications for this new device is really astonishing and 
they go into some detail in this publication showing how 
you can include such a device in a variety of circuits. I 
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would like to read a section from the foreword of this— 
should I read all of it or just a portion? 

Q As much as you deem pertinent. A We have 
copies of that. The foreword to this is instructive in this 
sense, it says: 

49 1 ‘The crystal detector is almost as old as radio 
itself. In every generation since the early days 

of wireless, thousands of enthusiastic adults and young¬ 
sters have constructed crystal sets and picked up signals 
with them. The fascination of the crystal seems to be 
endless. 

“For a long time after vacuum tubes became suffici¬ 
ently low-priced for experimenters to afford them in 
numbers, the crystal came to be looked upon as a fragile 
novelty with few practical applications outside of the toy 
radio receiver field. By the end of World War II, how¬ 
ever, the highly stable germanium crystal diode was 
available. This device, typified by the popular Sylvania 
1N34, has restored the crystal to a position of import¬ 
ance in the electronic field. Many useful tubeless devices 
now may be constructed around crystal diodes.” 

And they go on to conclude their statement. But that 
confirms what I stated earlier that it did open up a wdde 
variety of new 7 uses. 

Q Thank you. A I might mention, although we have 
no copies, here are other items of literature that Syl- 
vania has put out showing illustrations of the germanium 
devices in circuits. 

MR. DIENNER: Your Honor please, I would 

50 like to introduce a copy of the foreword of the 
Sylvania booklet entitled “40 Uses for Germanium 

Diodes,” Sylvania Electric, as Plaintiff’s Exhibit No. 4. 

MR. MOORE: No objection. 

THE COURT: Let it be received. 

(Foreword of “40 Uses for Germanium Diodes” was 
marked Plaintiff’s Exhibit No. 4 for identification and re¬ 
ceived in evidence.) 
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BY MR. DIENNER: 

Q Have you any literature put out by Western Elec¬ 
tric Company on this point? A Yes. Shortly after the 
end of the war, the Western Electric Company issued an 
advertising bulletin entitled “Silicon and Germanium 
Crystal Rectifiers.’’ This is of interest because the West¬ 
ern Electric Company was the one contacted by the Radi¬ 
ation Laboratory, through their Bell Laboratory affiliate, 
for the production of germanium devices, mass production 
of them. They took over the processes, the understand¬ 
ing developed at Purdue, and put the unit into mass pro¬ 
duction. This leaflet makes a brief comment as follows, 
after discussing the general problem, saying: 

“It was quite natural that when another type of crys¬ 
tal rectifier was. required for the war effort, the Office of 
Scientific Research and Development should call upon 
Western Electric and the associated Bell Tele- 
51 phone Laboratories. Western Electric, in continu¬ 
ing the research initiated at Purdue University, 
perfected the germanium crystal rectifier and adapted it 
to quantity production.” 

They worked very closely with the Purdue group in 
securing information so that they could set up into mass 
production. 

Q Thank you. You just keep that, I will put the 
photostat in. 

MR. DIENNER: Your Honor please, I would like to 
offer in evidence a booklet by Western Electric Company, 
from ■which the witness has just read, entitled, “Silicon 
and Germanium Crystal Rectifiers, a Wartime Require¬ 
ment, a Peacetime Necessity,” as Plaintiff’s Exhibit No. 
5. 

MR. MOORE: No objection. 

THE COURT: Let it be received. 

(Western Electric leaflet “Silicon and Germanium 
Crystal Rectifiers” was marked Plaintiff’s Exhibit No. 5 
for identification and received in evidence.) 
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BY MR. DIENNER: 

Q Are there other literature references, commercial 
literature, that you know off A There are a great 
many of them. One of them is by Hughes Aircraft Cor¬ 
poration discussing the particular form of the high back 
voltage germanium diode they manufacture in large 

52 amounts, and there have been other references in 
articles throughout the electronics literature, in¬ 
cluding one by the Bituminous Coal Research Corpora¬ 
tion referring to germanium and its commercial import¬ 
ance now and this search for it. Coal has become a 
source of germanium and it may become a very import¬ 
ant source in the future. 

Q Is there any indication of any let-up in interest 
in that direction f A No, on the contrary, the interest 
is expanding. The use of germanium in a wide variety 
of electronic applications not only is displacing vacuum 
tubes in many places, but is opening up other types of 
applications; and with the availability of larger and 
larger quantities of germanium diodes, their introduction 
into commercial use is, of course, increasing. 

The General Electric Company is a good example of 
this expansion program. They are in large-scale pro¬ 
duction of germanium diodes and I believe in their ad¬ 
vertising literature, in the folder you have, comments are 
made relative to the expansion of the program. Would 
you like to use this? 

Q You proceed, I think you know what is in there 
and can give us the gist of it. A Yes, I do. In the 
introduction of this volume, which contains circuits and 
descriptions and characteristics of their germanium di¬ 
odes, the General Electric Company refers to Pur- 

53 due University contributing to germanium research. 
It says: 

“Although many organizations have contributed to 
germanium research, the General Electric Research Lab¬ 
oratory, Purdue University, the University of Pennsyl- 
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vania, the Bell Telephone Laboratories, and the M.I.T. 
Radiation Laboratory have been among the outstanding 
contributors. ,, 

Q May I interrupt there? A Surely. 

Q Except Purdue University, didn’t all those people 
take up germanium initially and drop it? A The group 
at the Radiation Laboratory, to my knowledge, did not, 
but the others at least worked on germanium to some 
extent. 

Q Then what did they do about it? A They found 
nothing of startling interest in germanium, nothing to in¬ 
dicate it would have properties any different from sili¬ 
con. 

Q What did they then concentrate on? A They con¬ 
centrated on silicon. 

Q Proceed. A (Reading): 

“Germanium, one of the rare metals, seldom occurs 
in the pure state in nature. Commercially, it is 
54 found”—as I have indicated—“most commonly in 

the sulphide ores associated with the smelting of 

zinc.” 

It says: 

“As compared with other semi-conductors used in 
diodes of the so-called ‘Point Contact’ type, germanium 
possesses two definite advantages: 

“1. The ability to withstand a much higher inverse 
voltage. 

“2. The peculiar ability to ‘self heal’ in cases where 
it has been electrically broken down. 

“For these reasons, the germanium diode, following its 
commercial announcement, was quickly accepted by man¬ 
ufacturers who visualized it as capable of duplicating 
many of the functions performed by the electronic tube, 
and perhaps eventually replacing the older types.” 

Q Proceed. A There is another reference in this 
volume of literature from the General Electric Company 
describing germanium, entitled “Use of Germanium Di- 
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odes at High Frequencies.” It is a reprint of an ar¬ 
ticle by J. H. Sweeney, which was a paper presented at 
an A.I.E.E. committee meeting. 

Q Will you read the box insert on that page? A 
This is an abstract of the article, it states: 

55 “Germanium diodes are now being used in many 
ways. In television sets they help to reduce size, 

weight, and number of tubes, and they eliminate filament 
hum which is prevalent with series filament wiring, re¬ 
duce the heat from filaments, and eliminate many of the 
other drawbacks of conventional diodes. Germanium di¬ 
odes are also used as mixers in place of silicon crystals.” 

Q Refer to the last page and read from the column 
at the top of the last page. A (Reading): 

“To transform the ultra-high frequencies to lower fre¬ 
quencies which are more easily amplified requires a con¬ 
verter or mixer”—that is the component I referred to 
earlier in the first detector portion of the radar system— 
“which will combine the received signal with a signal of 
an oscillator so that the difference of the two frequen¬ 
cies is obtained. The chief requirements of the mixer 
are that they will mix the received and local oscillator 
signals to produce a sufficiently strong output for weak 
signals and will not introduce distortion or noise into 
the signal. 

“One of the most widely used devices for mixers has 
been silicon crystals. Recently, germanium crys- 

56 tals were introduced which will perform well at 
high frequencies; they have several outstanding 

advantages over the silicon crystal. They are the same 
physical size as the standard diodes except that there 
are small pins in each end for clip-in use rather than 
pigtail leads. 

“Germanium mixers are more rugged thna silicon crys¬ 
tals, and they are capable of withstanding temporary 
current and voltage overloads. Their current capacity 
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is greater, and relatively strong electric fields will not 
destroy them. Hence, their useful life should be many 
times that of silicon. The outstanding feature of the 
germanium diode is its cost, which is considerably below 
that of a silicon cartridge.” 

Q I believe there is an article on the increase in 
the facilities for manufacture. Will you please refer to 
that? A This is a section which is entitled “A Brief 
Summary of the General Electric Company’s Progress 
in the Manufacture of Germanium Diodes.” 

“The commercial manufacture of General Electric Ger¬ 
manium Diodes is now five years old. It is still a rela¬ 
tively new business and yet its progress and expansion, 
both physically and technically, have been outstand- 
57 ing. The acceptance of the product by industry has 
been very gratifying and the uses for it have far 
exceeded marketing analysis estimates. 

“We are now making the largest diode expansion in 
our history. We are opening a new manufacturing plant 
at Clyde, New York, which will be devoted exclusively 
to the manufacture of germanium products. This will 
mean a six-to-one increase in manufacturing area and 
an immediate two-to-one increase in production. Produc¬ 
tion can easily be increased eight-to-one when needed.” 

And skipping: 

“The television industry alone will require approxi¬ 
mately three to four million diodes in 1951.” 

Q Three to four million what? A Diodes, three to 
four million of these germanium diodes in 1951. And 
they go on to discuss more aspects of the program, but 
that is indicative of the expansion. 

Q What is the booklet from which you have been 
reading? A This is a loose-leaf technical bulletin put 
out by General Electric on germanium diodes. 

Q From whom did you receive it? A We received 
this directly from General Electric. 

MR. DIENNER: Would you care to see it, Mr. Moore? 


BY MR. DIENNER: 

Q Please state any further development of the 

58 Benzer high back voltage crystal rectifier with 
which you are familiar. A Well, as I have indi¬ 
cated, this development of a crystal rectifier which would 
serve so many new purposes called immediate attention 
on the part of the group at Radiation Laboratory, and 
also other electronics companies, namely, Bell Labora¬ 
tory, Sylvania, General Electric, and all the companies I 
have read recently by name, called their attention to ger¬ 
manium as a most interesting material. It had been not 
recognized as such before; and so widespread programs 
of study and development were applied to germanium. 
You are all familiar with the startling consequences of 
one of these studies, namely, the development of the 
transistor at Bell Laboratories, using germanium. The 
transistor, as developed, consists of the high back voltage 
type germanium as in the Benzer device except it has, in 
addition to the one point electrode we mentioned, a sec¬ 
ond point contract electrode and that serves then to 
make a germanium device which replaces the triode, as 
was pointed out to the Court earlier. So this, then, 
makes it possible for a solid state semi-conductor 
device, the germanium device, to enter even further 
into the electronic field and there are many refer¬ 
ences in popular literature as well as in technical litera¬ 
ture to the impact of this further development on our 
society. 

Q Referring to Plaintiff’s Exhibit 2, page 15, 

59 will you explain the illustration of the triode which 
appears there? A You notice in Figure 9, the 

left figure of that indicates the so-called type 1 ‘A” tran¬ 
sistor. That is the one which uses two point contact 
electrodes contacting a body of germanium. Each one 
of these point contacts behaves in a manner similar to— 
in fact, identical with that of the germanium crystal 
diode that is covered in the Benzer specification, the 
application under consideration. 
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Q Could you produce a sample of a diode and a sam¬ 
ple of a triode for the inspection of the Court? A Yes, 
I have a few samples here. For reference purposes, this 
is a silicon diode, you may be familiar with that as used 
originally. Well, as used in radar receivers, that is the 
mixer crystal. You cannot see the silicon itself or the 
cat’s whisker. This is another example of it, but it is 
imbedded in a waterproofing impregnating material. Su¬ 
perficially, so far as the outside surface is concerned, a 
germanium diode could be made to look exactly like that, 
the difference is in the fact that it has germanium, high 
back voltage germanium in its assembly. 

Here is a germanium diode as assembled with two 
leads, electrodes which can be soldered into a circuit, 
having markedly different characteristics. 

I might add one more germanium diode, this is the 
Hughes Aircraft version of it, very small indeed, 
60 light in weight, small in size, requiring no heat 
or power to provide current flow through the de¬ 
vice, in contrast to the requirement of heat or power in 
a vacuum tube. 

And here is one example of a point contact transistor. 
It is in transparent plastic so that one can see the two 
cat whiskers, so-called, contacting the semi-conductor ger¬ 
manium down in the matrix of the plastic. They are a 
little difficult to see, but they are imbedded there. 

Q I call your attention to the Annual Report, 1952, 
of the American Telephone and Telegraph Company. 

THE COURT: I wonder if this wouldn’t be a good 
point to stop and take our recess. If you plan to put 
those in evidence, will you designate them so they will be 
available? 

Very well, we will take a recess until 1:45. 

(Thereupon, at 12:30 o’clock p.m., a recess was taken, 
to reconvene at 1:45 o’clock p.m.) 
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61 AFTERNOON SESSION 

(At 2:00 o’clock p.m., the foregoing proceedings were 
resumed.) 

Thereupon— 


Ramdall WcVay Whaley 

resumed the stand, and testified further as follows: 

Direct Examination (Resumed) 

BY MR. DIENNER: 

Q What can you say as to the recognition of other 
workers in the art of the Purdue contribution in this 
direction? A One example that might be given is that 
in a copy of a paper, a reprint, you might say, of a 
paper presented at the West Coast I.R.E. Convention, 
September 14, 1950, by Dr. H. Q. North of the Hughes 
Aircraft Company, he states as follows in the introduc¬ 
tory paragraph of this paper: 

“It was known as early as 1915 that a contact between 
a metal and the semi-conductor germanium showed rec¬ 
tification. In 1942, workers at the Sperry Gyroscope 
Company were using such contacts as elements in micro- 
wave mixers. Subsequent work at Purdue University 
and at the General Electric Company furthered the de¬ 
velopment of germanium crystals for microwave radar 
mixers. Such mixer crystals sustained voltages of the 
order of one-to-three volts in a back direction. In 
62 1942, Benzer and others at Purdue found that point 

contact rectifiers of suitably treated germanium 
would withstand peak inverse voltages of over 100 volts. 
Since that time, industrial organizations have developed 
their own techniques and constructed germanium diodes 
and they are now being manufactured by several con¬ 
cerns. ” 
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Q Anything further! A In a brief article entitled, 
“Germanium, a New Gold Bush in Coal,” to be found on 
pages 10 and 11 of the Bituminous Coal Research—it is 
a bulletin, I believe, Volume 12, No. 3, July to October 
of 1952, we find the following comments: 

“A new prospecting rush is on in coal mines for a 
metal as valuable as gold. It has been discovered in 
zinc or in copper mines in flue dust from coal producers’ 
gas and in bituminous coal seams, that element is ger¬ 
manium.’ * 

Then, later on, it says: 

“Germanium is important not because it is rare and 
fairly difficult to extract, but because of its peculiar elec¬ 
trical properties.” 

And then further down: 

“The controllable versatility of the electrical proper¬ 
ties discovered in 1942 at Purdue University is 
63 what makes germanium important to industry.” 

One brief comment over here, then, states: 

“Purdue University invented the germanium high volt¬ 
age diode, Bell Laboratories invented the famous tran¬ 
sistor, General Electric developed the germanium power 
rectifier.” 

Q Thank you. Will you refer to the publication known 
as the “Annual Report” of the American Telephone and 
Telegraph Company for 1952! Refer to the cover page, 
the inside cover page, and pages 18, 19 and 20, and tell 
us what is illustrated on the outside cover page! A 
This cover shows a photograph, with shadows for em¬ 
phasis, of three different types of so-called transistors, 
devices using germanium that we discussed earlier. There 
are two different types here, point contact transistors 
and I believe junction transistors, as evidenced from the 
nature. At any rate, one of these types, the one to 
which I am pointing, looks somewhat like the example 
that we showed this morning. 
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Q You mean the one furthest to the right on the cover 
page? A The one to the right, yes. 

Q That illustrates the three-wire— A The three- 
electrode device using germanium. 

Q Now, would you read on page 20, the brief 

64 reference to what Western Electric Company is 
doing with this program? A It says that: 

“Western Electric last year began regular production 
of certain types of transistors for military and tele¬ 
phone use, and in behalf of the Bell System has licensed 
38 other companies to make and sell transistors under 
our patents.’ ’ 

That is under the Western Electric patents. 

Q What has been the licensing program of Purdue 
Research Foundation, the owner of this Benzer applica¬ 
tion? A They have already licensed Western Electric 
Company under this application and others, and have 
offered licenses to other manufacturing companies, at 
least one of which has an option to take out a license 
under all of the applications. 

Q What about RCA? A RCA has an option to take 
out a license. 

MR. DIENNER: May we offer in evidence the cover 
page, the inside cover page, and pages 18, 19 and 20 of 
the Annual Report of American Telephone and Tele¬ 
graph Company for 1952, as Plaintiff’s Exhibit No. 6? 

MR. MOORE: No objection. 

THE COURT: Let it be received. 

(Cover page, inside cover page, and pages 18, 19 and 
20 of Annual Report, 1952, A. T. & T. Co. were marked 
Plaintiff’s Exhibits Nos. 6-A through 6-D for identifica¬ 
tion and received in evidence.) 

65 BY MR. DIENNER: 

Q Now, Dr. Whaley, have you read the specifi¬ 
cation of the Benzer application here in controversy? 
A I have. 

Q Are you familiar with it? A I am. 
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Q Have you read the claims which are in issue in 
this controversy? A Yes. 

Q And are you familiar with them? A Yes, I am. 

Q Please refer to the first paragraph of the specifica¬ 
tion, read it, and I want to inquire about it. A (Read¬ 
ing): 

“My present invention relates to improvements in elec¬ 
trical devices and more particularly to a device compris¬ 
ing a semi-conductor element made of substantially pure 
gr rmanium, the surface of which is contacted by a metal 
electrode or whisker, which device acts as a rectifier of 
electricity and, in addition, has certain desirable nega¬ 
tive resistance properties. ,, 

Q Now, there is reference there to' a semi-conductor 
element. What does that designate, generally? A A 
semi-conductor is a material that is not a good 
66 conductor of electricity nor is it a poor one. It 
is not a good one like a metal nor is it a poor one 
like an insulator, so-called. It is intermediate in its 
conductivity of electricity. 

Q When it speaks of “made of substantially pure 
germanium, ,, what does that have reference to? A A 
germanium that has only a fraction of a percent of im¬ 
purities remaining in it. 

Q “The surface of which is contacted by metal elec¬ 
trode or whisker,” what does that have reference to? 
A The small area contacting member such as tbe cat’s 
whisker in the old crystal set days. 

Q Refer to the drawings of the application. Are you 
familiar with those drawings? A Yes, I am. 

Q Indicate the semi-conductor element made of sub¬ 
stantially pure germanium. A That would be No. 5 in 
Figure 1. 

Q Yes. And the metal electrode or whisker? A No. 
10 is the same figure. 
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Q Now, it is said this device acts as a rectifier of 
electricity. What does that mean? A It is a valve, in 
one sense. The British nse that term. It lets the elec¬ 
tricity flow easily in one direction of polarity of voltage 
applied across the device, and lets the electricity 

67 flow only with great difficulty in the other direc¬ 
tion. 

Q And it says, “has certain desirable negative re¬ 
sistance properties.” What does that refer to? A The 
properties that were discussed earlier, namely, that at a 
certain value of current and voltage in one direction, an 
increase in current is accompanied by a decrease in volt¬ 
age across the device. 

Q Now, throughout this specification there is refer¬ 
ence to the material of which the body, the semi-conductor 
is made. Will you please refer to page 2, line about 10, 
the sentence ending in line 10, and tell us what that 
means? A You mean, reading the specification: 

“I have discovered that the above and other disad¬ 
vantages of prior art rectifiers may be overcome by 
using a semi-conductor made of substantially pure ger¬ 
manium.” 

Q Yes. Now, referring to the directions in the speci¬ 
fication, do you find therein instructions how to make the 
device of the Benzer rectifier? A Yes. 

Q Will you refer particularly to that part of the 
specification which appears on pages 8 and 9, and partly 
on 10, and explain what the significance of that 

68 part of the specification is? A Let’s see. Start 
ing toward the bottom of the page? 

Q Yes. A (Reading): 

“The semi-conductor 5 is substantially pure germanium 
having minute amounts of ionized impurities.” 

Q First, what does that mean? A That means the 
germanium is very pure, indeed; however, there are cer¬ 
tain amounts of impurities, ionized impurities, which re- 
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main in the germanium to provide electrical conductivity. 

Q Now, proceed with that particular paragraph. A 
(Reading): 

“As above referred to, I made my discovery in con¬ 
ducting burn-out tests on germanium crystals for use in 
high frequency rectifiers, and one of such crystals found 
suitable for use in my present invention was of metallic- 
appearing germanium prepared and furnished by the 
Eagle-Picher Lead Company of Joplin, Missouri, to the 
Purdue Research Foundation, on or about June 6, 1942. 
This metallic-appearing germanium -was offered for sale 
as chemically pure germanium.” 

Q Please explain again what that has reference to as 
a fact statement. 

THE COURT: What page are you reading from. 
Doctor? 

69 THE WITNESS: Page 8, the last paragraph. 

That has reference to one crystal of germanium; 
by crystal here, I mean a large ingot, you might say, of 
germanium. 

BY MR. DIENNER: 

Q Can you show the Court a piece of germanium, 
what it looks like? A Yes, I have a small piece here. 

Q Would that be part of an ingot? A You would 
call that part of an ingot. There is a small piece of 
solder attached to the bottom of it, otherwise it is ger¬ 
manium, the rest of it. One of the samples referred to 
was received from Eagle-Picher Lead Company and was 
tested by Benzer, and it was substantially pure german¬ 
ium offered for sale as chemically pure germanium by 
Eagle-Picher. 

Q How do you know that? A How do we know 
that? 

Q How did you know that, personally? A How did I 
know it? 

Q Yes. A I made some electrical tests on this sam¬ 
ple. 


Q Did you have any contact with Eagle-Picher Lead 
Company, yourself? A Yes, indeed. 

Q What did you do in that connection? A I have 
visited the laboratories at Joplin, Missouri, work- 

70 ing with the Eagle-Picher Company in the prepa¬ 
ration of germanium to provide us with the purest 

germanium possible at the time. 

Q And are you familiar with any instructions issued 
to Eagle-Picher Company, in connection with the securing 
of this particular sample which is here mentioned? A 
I am. 

Q Please state that. A We instructed them to make 
the germanium as pure as they could and to take pains to 
avoid introduction of certain impurities, such as arsenic, 
gallium and indium. 

Q That had been a part of what program? A A part 
of a program that v/e were undertaking to provide us 
with as pure germanium as possible in order to ascer¬ 
tain what the characteristics of pure germanium were so 
that we could, we hoped, prepare better microwave mixer 
crystals. 

THE COURT: Could I interrupt for just a moment, 
while you are on this particular train of thought? 

Doctor, essentially, what is germanium? By the ques¬ 
tion, the Court means this: Is it a pure element or is it 
a compound, or what is its characteristic nature? 

THE WITNESS: Germanium is one of the elements 
in the so-called periodic system. Germanium is not a 
compound. However, as it occurs in nature only 

71 in compound form or intermixed with other com¬ 
pounds, the only way it can be secured is by con¬ 
centration and extraction in the form of some germanium 
compound, which is then purified and then converted by 
reduction or other processes to the element, itself. You 
have in your hand what is the element germanium, except 
for that little piece of solder attached to it 
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THE COURT: By the same token, what is the prop¬ 
erty silicon? 

THE WITNESS: Silicon is also an element in the 
periodic system. 

THE COURT: Completely separate and apart, and 
not associated with germanium in any sense? 

THE WITNESS: No. Silicon is an element, one of 
the chemical elements identifiable always as silicon, hav¬ 
ing no connection with germanium any more than carbon 
would have a connection with germanium, or any more 
than any other element as such would have a connection. 
They are different chemical elements. 

THE COURT: Do they have any common properties? 

THE WITNESS: They have common properties. 

THE COURT: Crystalline, for one thing? 

THE WITNESS: Crystalline, for one thing. 

THE COURT: Any other properties in appearance, 
solidity or any other quality? 

THE WITNESS: They are both in column 4, 
72 the periodic system. The germanium is a so-called 
transitional element in the periodic system. They 
both have this in common, they both rectify electricity; 
that is known from the Merritt article and other refer¬ 
ences, of course. 

THE COURT: Where is silicon generally found? 

THE WITNESS: Silicon is most abundantly found in 
sand, you might say; silicon dioxide is quartz and it is a 
very abundant element; and in silicates, a complex com¬ 
pound of silicon and other elements in the periodic sys¬ 
tem. 

THE COURT: I notice the stress in the pleadings 
and the testimony, too, of the effort to get germanium in 
an absolutely pure form. 

THE WITNESS: Yes. 

THE COURT: Now, this may not be the proper ques¬ 
tion to put to you, but wherein is the feature of novelty 
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and where does it differ from the ordinary field of in¬ 
vestigation? Assume, for the sake of argument, that a 
particular element has certain characteristics, and assume 
also in research that one would try to get reactions of 
that compound, would not he progress from an impure 
state to a pure state to see what differences there are 
at various points of the investigation? Is there any nov¬ 
elty in the fact that pure germanium is so effected? 

THE WITNESS: Yes, indeed. 

THE COURT: Suppose you tell me about that. 
73 THE WITNESS: The germanium we purified, 
to the extent that we have indicated and to the ex¬ 
tent that the Benzer application indicates, provides one 
with material having properties that were not known at 
all with pure silicon, with germanium of the former art, 
you might say that was used before this particular de¬ 
velopment, or so far as galena is concerned, galena not 
being an element but a compound of lead and sulfur, iron 
pvrite and iron sulfide, none of these other crystal rec¬ 
tifier materials exhibited the properties that were found 
with purified germanium. In other words, all of these 
others indicated that one would expect from crystal recti¬ 
fiers a certain type of characteristic and this purified 
germanium gave an entirely different type of character¬ 
istic, completely different. 

THE COURT: Wouldn’t research normally lead to 
an effort to get the highest quality of an element? 

THE WITNESS: No, I believe not, for this reason: 
Others had been working with germanium, they had also 
been endeavoring to ascertain what its basic properties 
were, by basic here, I mean its intrinsic properties. They 
did not find this property. 

THE COURT: Would continued research have turned 
it up? 

THE WITNESS: Continued research—I think it is 
only fair to say that if someone doesn’t make an inven- 


► 




52 A 


tion, maybe years later someone else might make 

74 the same invention, so one cannot say that con¬ 
tinued research would not have produced this de¬ 
sirable result in time. 

THE COURT: All right. You may continue. 

BY MR. DIENNER: 

Q Would you please produce for the Court a copy of 
the page of Hackh’s Chemical Dictionary of 1944 on 
which the properties of germanium are given, page 375 
and the title page, and refer to any comment you wish 
to make in regard to the definition there given? A This 
is page 375 taken from the Chemical Dictionary, which 
describes various chemical elements and their compounds. 
It refers here to germanium, giving its atomic weight of 
72.6, its atomic number 32, calling it a metallic element 
of the carbon family, discovered in 1886 by Winkler. 
There are other comments concerning its properties. 

MR. DIENNER: May I offer in evidence the title 
page and page 375 of Hackh’s Chemical Dictionary? 
MR. MOORE: No objection. 

THE COURT: Let it be received. 

(Title page and page 375 of Hackh’s Chemical Diction¬ 
ary was marked Plaintiff’s Exhibit No. 7 for identifica¬ 
tion and received in evidence.) 

BY MR. DIENNER: 

Q Now, referring to pages 8 and 9 of the specifica¬ 
tion, the reference to obtaining this particular ma- 

75 terial germanium which was substantially pure but 
contained minute amounts of ionized impurities, 

what is the fact in regard to availability of that type of 
germanium? A After this original work was done, it 
was possible to obtain from Eagle-Picher germanium 
dioxide suitable for reduction, as described, for produc¬ 
tion of germanium having this particular property. 

Q If one should wish to order germanium of substan¬ 
tially pure but containing minute amounts of ionized 
impurities, how would he go about it from Eagle-Picher? 
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A One would merely specify that one would want the 
pure grade of germanium and nowadays they call that at 
Eagle-Picher, they call that their electronic grade. 

Q Do you know what use is made of that by others? 
A It is used by manufacturers for production of ger¬ 
manium diodes and transistors. 

Q High back voltage? A Yes, my reference to ger¬ 
manium diodes here always means high back voltage ger¬ 
manium diodes. 

Q And what further work would be necessary to pro¬ 
duce a crystal rectifier of the Benzer properties from 
such germanium? A As a consequence of this develop¬ 
ment, the Eagle-Picher Company produces material and 
has produced material which can be used directly. 
76 In other words, they have perfected a purification 
to the point where it will be provided, the german¬ 
ium can be provided which would be suitable to make 
devices as explained in this specification. 

Q Am I to understand, then, that if I wanted to make 
the device according to the specification here, I could 
write a letter and send the necessary price to Eagle- 
Picher Lead Company of Joplin, Missouri, and ask them 
to send me electronic grade germanium? A Yes. 

Q And that it would be suitable for use in making up 
these diodes? A Yes. 

Q Have you ever done that? A I have. 

Q Do you know whether others have? A I know 
that Eagle-Picher as a routine matter has for some time 
—at least they have, whether they still do, I am not cer¬ 
tain, but I believe they still do make such tests on their 
production as to ascertain if the germanium has a prop¬ 
erty of this nature. 

Q Now, referring to page 9, and there, I believe, is 
another method of producing the germanium required for 
making the Benzer rectifier, is that correct? A Yes. 
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Q Please explain. A (Beading): 

77 “An alternate method of producing and finding 
satisfactory germanium crystals for the purpose of 

my invention can be accomplished by reducing germanium 
dioxide with the known carbon reduction process to pro¬ 
duce carbon dioxide and what would generally be con¬ 
sidered to be pure germanium. One example of such a 
reduction was to place a mixture of 30 grams germanium 
dioxide and 4.5 grams of sugar carbon in a porcelain 
crucible, fitted with a lead and heated to about 1,000° C. 
in an electrically heated furnace in air for five hours. 
Other forms of substantially pure carbon can be used, 
such as carbon black.” 

Q Now, have you ever done that? A I have. 

Q And what has been the result? A The production 
of germanium which was given to Benzer and which he 
tested and found had this property, so that, when assem¬ 
bled into devices, would be the device covered by this 
application. 

Q Now, am I to understand it is your position that 
anyone following either one of these two routes would 
arrive at a Benzer high back voltage germanium rectifier? 
A Yes. 

Q And how about by the character of the curves, 

78 how would you determine that? A By electrical 
tests. 

Q How do you determine the characteristics of any 
material, that is, how do you identify a material? A 
By making tests on it in one form or another, depending 
on what you want to find out about the material. 

Q And the particular way of finding out about this 
material, this germanium which has minute amounts of 
impurities in it, how do you find that out, how do you 
find you have a piece of that kind? A Well, you cannot 
rely on spectroscopic analysis, you have to rely on elec¬ 
trical tests. 
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Q By spectroscopic analysis, what do yon mean? A 
By using the standard procedures of placing samples of 
the material under test in an arc, for example, and ex¬ 
citing, that is raising the temperature to a very high de¬ 
gree so that light is emitted from the mateiial under 
study and by analysis of the light, you can ascertain what 
elements are present in the sample being studied. Spec¬ 
tral analysis will not ascertain to a sufficient degree the 
impurity contents of this germanium. 

Q Then how do you ever find it out? A By elec¬ 
trical tests only, can one. 

Q And what is that, what electrical test? A By 
making electrical contact with the germanium and 
79 studying the current and voltage relationships 
when it is placed in a suitable test circuit. 

Q And to determine whether it was suitable for the 
particular service that you want, as a high back voltage 
rectifier, what would you do in a case of a piece which 
you had under consideration, a piece of germanium? A 
By some manner or means, make contact with a small 
area, that is a point on the surface, and by some other 
means make contact with a relatively large area so that 
you could, by those contacts, apply a voltage between 
these two areas of contact on the germanium, that would 
enable you to ascertain the electrical property of the ger¬ 
manium insofar as it would exhibit a high resistance to 
current flow with one polarity of applied voltage and a 
low resistance with the other polarity, and with that 
former polarity, also, the ability to stand high voltages 
and have the negative resistance characteristic described. 

Q Now, that is not a test of its rectification proper¬ 
ties? A It is a test of the material, the property of 
this germanium material. 

Q It is not a test of the rectification properties of the 
rectifier? A That can be done with direct current. 
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Q That is, the test you spoke of can be done 

80 with direct current and does not require any recti¬ 
fication? A Not to ascertain the properties of the 

material, no. 

Q And the properties of the device as a whole as a 
rectifier, how does that compare with the test you made? 
A You assemble such material with the cat whisker and 
other suitable electrodes in a suitable structure and con¬ 
nect it in a circuit in which you want to rectify electrical 
alternating current. 

Q I take it that the function of the device of the rec¬ 
tifier is to rectify current, is that correct? A Yes, that 
is normally what you mean. 

Q That is, the result is rectified current? A Yes. 

Q And the characteristic of the device is not neces¬ 
sarily—the characteristic of the material is not necessar¬ 
ily the function of the device, is it? A No. 

Q Now, refer to page 13 of the specification and will 
you please read the brief paragraph running lines 15 to 
about 25 and tell us what that means? A (Reading): 

“It is believed that the above characteristics are due to 
the ionization of the minute amount of impurity or 
impurities in the germanium but it will be under- 

81 stood that such characteristics may be due to other 
effects that the impurity or impurities may occa¬ 
sion in the germanium. ” 

Q Will you refer back to page 10 and read the para¬ 
graph beginning with “It will be understood ...” A 
(Reading): 

“It will be understood that not all impurities in ger¬ 
manium are suitable for practicing my invention, but 
that by following the above avenues a suitable number 
of satisfactory germanium crystals from the above sources 
may be found by the expedient of probing of the sur¬ 
faces thereof with a whisker or electrode with a suitable 
source of potential between the crystal and electrode. 
As a further observation it is to be noted that the quan- 
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tity of impurity is exceedingly small since the effects are 
found in germanium of supposedly pure character pre¬ 
pared by refining or reduction processes intended to pro¬ 
duce the pure substance. ’ ’ 

Q Notice the reference there to ‘ ‘a suitable number 
of satisfactory germanium crystals” may be obtained. 
What does that mean? A That means that if you fol¬ 
lowed the instructions, those alternate methods, one or 
the other of those methods of securing germanium, 

82 that one will find pieces of germanium, portions of 
an ingot, or ingots of germanium which can be 

tested and found to have this desirable property, which 
then could be cut up or otherwise prepared for assembling 
the device. 

Q In other words, is it necessarily true that an entire 
ingot is suitable? A Oh, not at all. 

Q How do you go about selecting the part which you 
want? A By probing the surface, very briefly, to ascer¬ 
tain the property in one region and the property in 
another region and you quickly are able to determine 
that the property of a certain region, extended region, 
is suitable and from that you can make many such pieces, 
wafers they are called. 

Q How big are those little wafers, as you call them? 
A Oh, they vary in size. They can be as small as half 
a millimeter or a millimeter on the side, that is about, 
oh, twice the thickness of a pencil lead, you might say. 

Q About as big as the head of a pin, is that about 
right? A About the size of a head of a pin. 

Q So, when you find the part of an ingot which is 
suitable, then you cut that up into these little pieces? 
A That is right. 

THE COURT: May I ask you a question at 

83 that point? In the patent application, description 
is made of the fact that it is 99 percent pure or 

greater than 99 percent pure. Is it your testimony at 
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this point that this particular element is never found in 
an absolutely pure condition? 

THE WITNESS: That is correct. It not only is 
never found in an absolutely pure condition, it is always 
found widely dispersed, an atom here and an atom there, 
and you concentrate those atoms until you arrive at 
material such as you have there (indicating), and even 
then you do not, in spite of great care, arrive at abso¬ 
lutely pure germanium. It is rather difficult to purify. 

THE COURT: Now, the functional use of the so-called 
cat’s whisker is well known. 

THE WITNESS: Oh, yes. 

THE COURT: Which is the genius: The fact that 
in a piece of relatively pure germanium you have a 
quality which gives the industry the properties they 
needed, or that you are able to test it as a researcher as 
to what spot in the product is the successful one? 

THE WITNESS: The significance of this resides in 
the fact that one has germanium of such a high degree 
of purity, however, still remaining small amounts, by 
small amounts I mean real traces in—the specification, I 
think, uses the words traces of ionized impurities remain¬ 
ing in it, and that germanium in that state has the 
84 property that, when assembled in such a device, 
will give the one claimed. It will have the prop¬ 
erty of withstanding such high voltages in the high re¬ 
sistance direction and the negative resistance character¬ 
istic also, which is very important. 

THE COURT: How much individual skill is required 
in the use of the cat’s whisker or the piece of germanium 
to hit the exact spot that is of industrial importance? 

THE WITNESS: To make the device, you mean; no 
special skill at all is required now. Before Benzer’s 
discovery, no one found it. He was the one to make the 
observation using this and to recognize the significance of 
it, but now there is no skill required. 
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THE COURT: How much was invention and how 
much was the research! 

THE WITNESS: I don’t know whether I am compe¬ 
tent to discuss a point like that. 

THE COURT: All right, I won’t press it. 

THE WITNESS: All I can say is, to those of us in 
the laboratories, it was an extremely interesting and 
astonishing development, surprising. But now it is no 
trick at all, to put it in common language, to follow the 
teachings of this development and produce devices dis¬ 
closed. 

THE COURT: In industrial manufacture, how does 
the manufacturer seek to guard against the presence of a 
foreign substance that would defeat the industrial 
85 use of that germanium! 

THE WITNESS: By suitable controls over his 
processing. 

THE COURT: Do those processing controls seek to 
get a pure germanium! 

THE WITNESS: If he has obtained from Eagle- 
Picher, for example, germanium that is of sufficiently 
high purity, he can cut it up without any further proc¬ 
essing and make the device. 

THE COURT: He is not concerned about having the 
particular sensitive spot! 

THE WITNESS: No, he can set down substantially 
any place and make a device. 

THE COURT: You use the expression “substan¬ 
tially.” Does he have to go that far? In other words, 
he is processing it in the different forms you have shown 
the Court; does he have to be especially careful that it be 
a certain purity, or can he mill it out, stamp it out, put 
it in the form and be reasonably sure it would work? 

THE WITNESS: Using your words, he certainly could 
be reasonably sure it would work. 

THE COURT: Does he have to subject it to tests to 
be sure it works? 
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THE WITNESS: To be sure it works, obviously he 
would have to test it. 

THE COURT: What would prevent it from 

86 working, the fact the product wasn’t absolutely pure 
or approximately pure? 

THE WITNESS: He might make some mistake in his 
assembly, just as in the assembly of any device, if a 
certain portion were defective, then the end product would 
not work in the desired manner that is accepted as part 
of manufacturing procedure. 

THE COURT: Can you give us some illustrations of 
that? 

THE WITNESS: Yes, if one made an automobile en¬ 
gine, for example, and did not for some reason control 
adequately the manufacture of the pistons, and say you 
inserted a piston that had a defect in the casting, well, in 
time and perhaps very soon the engine would fail. In 
other words, he slipped up in the control of production 
of certain parts. 

THE COURT: Now, in this compound, where would 
the manufacturer slip up? The thing that is worrying 
the Court is, if it is so pure it is almost absolute— 

THE WITNESS: Well, if he secured this from Eagle- 
Picher and requested the germanium of the purity re¬ 
quired for this purpose, and that is very simple to do 
now, he can cut it up and there is no problem that he 
faces. One could guarantee that he would not slip up. 

THE COURT: You mean the wire being of a sub¬ 
stance known to the trade? 

THE WITNESS: Yes. 

THE COURT: And reveal properties of this, he could 
combine them with safety? 

87 THE WITNESS: That is right. 

THE COURT: Is there any significance in the 
fact this one source has such a high purity? 

THE WITNESS: No, the British are making them 
in large quantities. Other groups all over the world are 
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looking frantically for sources of germanium to concen¬ 
trate and they are producing them already from their 
own sources. 

THE COURT: Are they producing those from fields 
of mining or chemical resources, or how do they get 
them? 

THE WITNESS: From fields of mining in some in¬ 
stances, from concentration of germanium found in flue 
dust, that is the principal source in England. 

THE COURT: You mean the flue of a chimney? 

THE WITNESS: The flue of a chimney, it is found 
to the extent of a small fraction of a percent. 

THE COURT: In that form, what is it, just pure 
gas? 

THE WITNESS: No, it is probably a compound of 
germanium with some other material. It could be in the 
form of an oxide or silicate, a complex compound, not 
the pure element germanium. They would still have to 
process it to reduce it to the element germanium, you see. 

THE COURT: I see. In other words, you don’t get 
it as. pure as Ivory Soap, 99-94/100? 

THE WITNESS: No. 

THE COURT: All right. 

88 MR. DIENNER: Too bad we didn’t think of 
that. 

BY MR. DIENNER: 

Q Have you before you the claims which are under 
consideration in issue? A Yes, I do. 

MR. DIENNER : Your Honor please, those claims are 
found on the third, fourth and fifth pages of the formal 
papers. They are numbered 16, 18, 19, 21, 22, 23, and 24; 
and Your Honor might note that claims 16, IS and 19 
are dependent upon claim 23. That is to say, they in¬ 
clude all the limitations of claim 23 and additional limi¬ 
tations, so that if claim 23 should be found to be patent- 
able, then the likelihood of claims 16, 18 and 19, which 
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are more restricted than 23, being patentable wonld be 
highly probable. 

BY MR. DIENNER: 

Q Have you read these claims? A Yes, I have. 

Q Are you familiar with the words of them? A 
Yes, I am. 

Q Will you please consider claim 21 and tell us what 
are the elements covered by claim 21? A By that, I 
assume you mean what are the principal parts ? 

Q What are the constituents or elements of the com¬ 
bination, or whatever it is, that are covered by 
89 these claims? You can read the claim, if you wish. 

A Claim 21, I will read it in part and then com¬ 
ment on it. 

“An electrical device comprising a body of ger¬ 
manium having a purity at least of the order of 99 
percent/’ 

well, that refers to the germanium described in the spec¬ 
ification. It is quite pure, only a fraction of a percent 
of impurities present, but it has some impurities present 
to give the electrical characteristics later on described: 
the germanium, that is. 

“electrical terminal means for establishing electrical 
contact with one surface of the body.” 
well, that would mean some electrical contact which 
would enable one to provide a continuity for current flow 
through the germanium and that would be one of the 
electrical contacts. Next: 

“and a metallic conductor positioned in contact with 
a point on the surface of the body,” 
that would mean the second of the electrical contacts; 
this latter one would be the equivalent of No. 10, the 
former would be the equivalent of No. 8 on the drawings 
in Figure 1. That is, the metallic conductor position in 
contact with the point, would be No. 10. 



63 A 


Do you want me to go through the whole claim? 

90 Q Yes. A All right. 

“said point being selected to provide the property 
such that when the potential upon the body is nega¬ 
tive the potential upon the conductor will be posi¬ 
tive/ ’ 

I will stop there for the moment. That means that when 
you place the point electrode on this germanium at the 
point in question, that you also apply a potential on the 
body, that would be saying you make electrode 8, the so- 
called back electrode, negative, and you make the point 
electrode positive, that specifies the polarity of the volt¬ 
age applied. 

“and the current flow through the body at voltages 
of the order of between 1 and 2 volts is high as com¬ 
pared to the current flow when the potentials on the 
body and the said electrical conductor are reversed 
and the voltages applied are in excess of 10 volts.” 
Q What does that mean? A That means simply 
this: that this germanium you have ascertained by 
probe tests before, has the property that when a poten¬ 
tial is applied across it, you find that there will be a 
high current when 1 or 2 volts is applied with the metallic 
conductor in contact with the point positive, as compared 
with a substantially—I am putting that word in, I 
guess—as compared to a low current flow, I am 

91 paraphrasing this, a low current flow when you 
reverse the polarity, even to the extent of applying 

10 volts or more in the opposite direction. 

Q Let’s see if I can paraphrase that this way: that 
when you put the positive current on the whisker and 
put the negative on the body, you will get an easy flow 
through in a forward direction, we will say. A Yes. 

Q And a difficult flow, a very restricted flow in the 
back direction. A When you reverse the polarity ap¬ 
plied, yes. 
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Q And that will be of a certain order which is re¬ 
ferred to here in the claim as what would flow between 
1 and 2 volts in one direction would be enough to make 
a flow of 10 in the other direction. A It is a good rec¬ 
tifier, in other words, even with the voltage in excess of 
10 in one direction. But the property here, this particu¬ 
lar property, relates to the germanium body, itself. 

Q Yes. A Its ability to withstand. 

Q That word “property,” what in the claim does that 
refer to, the device? A That certainly refers to the 
germanium because in it resides this peculiar capabil¬ 
ity. 

92 Q Now, when you speak of a body of ger¬ 
manium having a purity at least in the order of 
99 percent, what does that mean? A That means it has 
only a fraction of a percent impurities. 

Q How do you find out how to get that material? A 
By electrical testing of the material. 

Q Could you say that if you go back to the specifica¬ 
tion, it will tell you ho-w to get that material? A There 
is no question about it. 

Q I notice in the objection by the Patent Office, they 
said, well, over 99 percent includes 100 percent, what is 
your comment on that? A If one were to consider the 
statement purity in excess of 99 percent alone, out of 
context, that would include 100 percent. But if you con¬ 
sider the claim further, namely, that section which deals 
with the property of the germanium, 100 percent pure 
germanium is excluded because it would not have this 
property, it would not have the impurities necessary to 
provide conductivity of this nature. Furthermore, fol¬ 
lowing the processes indicated in the specification would 
not give you 100 percent pure germanium; furthermore, 
the specification states that you must have residual 
amounts of ionized impurities. 
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Q So from that statement that the purity is in 

93 excess of 99 percent, when read in the light of the 
specification, what impression do yon get? A 

That it is very pure material indeed, but it still has a 
small amount of impurities present. 

Q When you read the subject part of the claim— A 
That makes it quite clear that that must be the case. 

Q I take it you are a man skilled in this art? A 
Yes. 

Q Does that claim clearly state to you what is the 
requirement of the Benzer invention? A By that do 
you mean does it differentiate between others? 

Q Yes. A There is no question about that, in my 
mind. 

Q You think it does? A Yes, indeed. 

Q And do you think, following the directions of the 
specifications, that you would have any difficulty in pro¬ 
ducing a device according to this claim? A No. 

Q Now, refer to claim 23 -which has been referred to 
before, I believe, in the opening statement of the Govern¬ 
ment. Will you call attention to the difference in, first, 
definition, and second, the difference in the words em¬ 
ployed to make up that definition? In other words, 

94 what characteristic of the germanium is predomi¬ 
nant in claim 23? A The fact that the ger¬ 
manium has the property that with voltage applied across 
it in this manner, it will have this current voltage char¬ 
acteristic, that is the distinguishing characteristics of 
this germanium. 

Q And, particularly, the last part of claim 23 refers 
to what? A Refers to the property of the germanium 
which is used to make this devise. 

Q Yes, but what is that property in this particular, 
specific instance? A The ability to withstand high volt¬ 
ages with one polarity of voltage applied across it, and 
also to have the negative resistance characteristic as is 
described in the words: 
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“beyond which peak an incremental increase in cur¬ 
rent is accompanied by an incremental decrease in volt¬ 
age drop across the device. 99 

Q What does that mean? A A negative resistance 
portion in that characteristic. 

Q In other words, claim 21 distinctly stated the high 
back voltage characteristic of the invention, is that cor¬ 
rect? A Yes. 

Q And claim 23 states the high back voltage 

95 and the negative resistance characteristic? A 
That is correct, it combines both. 

Q I believe the Government has made some objection, 
they have said that this latter statement that the device 
exhibits across it a certain voltage under certain condi¬ 
tions, they have said that is a statement of the function 
of the device. What have you to say as to that? A 
Well, the property here described is due entirely to the 
property of the germanium, and the fact that the ger¬ 
manium has that particular characteristic property makes 
it possible to provide an assembly of elements, the elec¬ 
trodes, so that you would get a device suitable for use 
as a rectifier or other purposes in circuits. 

Q But what is the function of the completed device? 
A To rectify alternating currents, for example, in an 
electrical circuit. 

Q Does the claim say anything about that? A No. 

Q Not a word? A No. 

Q In other words, the claim goes to the characteristics 
of the components, is that correct? A The characteris¬ 
tics of one component; the property of one component of 
the device, yes. 

Q And does, not, in your judgment, refer merely 

96 to the function or result of the device as the high 
back voltage rectifier? A I believe not. 

Q I believe claim 22 corresponds in general character 
to claim 21 in regard to stating the property of the body, 
is that correct? A Yes, it is much like 21. It has a 


67 A 


further limitation due to the fact that it specifies values 
of resistances. 

Q Very good. Now, claim 24 is like claim 23, I take 
it, with some additional as to the particular potential 
applied? A That is correct. 

Q So that there is a distinction between claims 21 
and 22 as to reciting the characteristics of the body, is 
that correct? A Yes. 

Q And 23 and 24 more or less state that when the 
device is completed, the body— A Will exhibit a nega¬ 
tive resistance in addition to withstanding high back 
voltages. 

Q One more question: Have you read and are you 
familiar with the references cited in the particular prose¬ 
cution of this application? A Yes, I have. 

97 Q The Merritt publication? A Yes, I have. 

Q And the Ohl patent, 2,402,839? A In gen¬ 
eral. 

Q Now, what have you to say as to the disclosure of 
the Merritt publication in connection with the claimed 
invention here? A Well, in brief, Merritt discloses that 
germanium, in common with silicon and galena and pyrite, 
will rectify electrical alternating currents. However, 
Merritt does not indicate that germanium is superior to 
any of these others really; in fact, I don’t recall exactly, 
but I believe he implies, if he does not state directly, that 
it is not as good as silicon. But be that as it may, the 
characteristics of the rectifiers that Merritt made out of 
germanium are substantially the same characteristics as 
those obtained with silicon in the sense that they are low 
voltage devices, having low voltage characteristics, they 
would burn out, in other words, at low voltages. 

• Q Now, referring to the Ohl patent, are you familiar 
with that? A Generally speaking. 

Q What does that relate to? A That is concerned 
with the preparation of silicon for use in crystal rec¬ 
tifiers. 
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Q And as a man skilled in the art, what is 

98 your opinion of the bearing of one on the other? 
A Well, as I understand it, Ohl was concerned 

with the purification of the silicon and with other pro¬ 
cesses involved in the preparation of silicon, in order to 
see if he could not improve the characteristics of the sili¬ 
con rectifier. He did, I gather from his comments, end 
up with a somewhat better rectifier than had formerly 
been produced, but it is a rectifier of a similar kind in 
the sense that the characteristic was still a low voltage 
characteristic. It might be more efficient for microwave 
rectification in the first detector of a radar set, but it 
was still the same in kind. 

The Merritt article discloses the germanium is also a 
semi-conductor which will rectify. The rectification char¬ 
acteristics indicated are the same in kind as those indi¬ 
cated by Ohl for silicon; and the silicon, incidentally, 
before Ohl’s work was also of the same kind. 

One would conclude, at least to me it would be quite 
definite, a quite definite indication that if one were to 
improve the purity of germanium as Ohl did with silicon, 
you would improve the rectification efficiency, perhaps, of 
germanium, make somewhat better devices but they 
would still be of the same kind, low voltage crystal recti¬ 
fiers like the galena, like the silicon, pure or impure. 

Q Is there, in either one of these, any suggestion of 
the negative resistance characteristic which the 

99 Benzer invention has? A No. 

ME. DIENNER: You make take the witness. 

THE COURT: I wonder if it would be better to take 
our afternoon recess. 

(A short recess was taken.) 
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Cross-Exarnmation 
BY MR. MOORE: 

Q Dr. Whaley, you were involved in the prosecution 
of the application of Seymour Benzer that is involved in 
this suit, were you not? A Unofficially, I don’t know 
exactly what you mean by involved. 

Q You appeared before the Examiner of the Patent 
Office at repeated interviews, isn’t that true? A Yes, 
indeed. 

Q Was that in a personal capacity or as a representa¬ 
tive of Purdue University? A A representative of Pur¬ 
due Research Foundation. 

Q In fact, you appeared before the Patent Office in 
other applications in which you or Purdue University 
had an interest, isn’t that true? A That is correct. 

Q The further fact is that you were a co-inventor with 
Dr. Horowitz in an application that was before the 
100 Patent Office and that matured into Patent No. 

2,514,879, a copy of which I show you? A (No 
response.) 

THE COURT: If it is a fact, you may testify. 

THE WITNESS: Oh, yes. I am sorry. 

BY MR. MOORE: 

Q Now, was not the starting point for the invention 
that is protected by this patent number 2,514,879 the in¬ 
vestigation made by Seymour Benzer about which you 
have testified? A That is correct, his invention was the 
one which precipitated subsequent investigations. 

Q You and Dr. Horowitz started with what you 
thought was pure germanium and added, deliberately, 
alloys to that germanium, isn’t that true? A Added ele¬ 
ments to germanium to form what would be called alloys 
of germanium. 

Q Alloys of germanium? A Yes. 

Q And your investigation disclosed what alloys would 
have the electrical characteristics you desired? A That 
is correct. 
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Q And those electrical characteristics are indicated by 
the graph on page 1 or sheet 1 of the patent No. 2,514,- 
879! A That is correct. 

Q The electrical characteristics there indicated 

101 correspond to the characteristics indicated in Fig¬ 
ure 2 of the application here in suit, isn’t that 

true? A That is correct. 

Q Benzer worked with germanium having unidentified 
impurities! A Yes. 

Q You deliberately introduced impurities into ger¬ 
manium? A That is correct. 

Q And you found then what alloys would be effective! 
A That is correct. 

Q For your purposes and for Benzer’s purposes? A 
That is correct. 

Q Now, at these repeated interviews in the Patent 
Office, you gave the Examiner the benefit of your knowl¬ 
edge? A Yes. 

Q To the same extent as you have here? A Surely, 
in order to help clarify the situation or answer questions 
that might exist. 

Q You went there in the company of an associate 
attorney or associate agent with whom you had consulted 
previous to the interview? A Yes. 

Q And the two of you talked to the Examiner about 
this case? A Yes. 

102 Q I mean the Benzer case? A Yes. 

Q And about the case that you and Dr. Horo¬ 
witz had on file? A That is correct. 

Q Now, do you have a copy of the Merritt publication 
before you? A I do. 

Q As long ago as 1925, Merritt was working with ger¬ 
manium, wasn’t he? A That is true. 

Q And in this article, he calls it a rare metal? A 
Yes, he does use that terminology. 
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Q And he says that that specimen of germanium 
should be attached to a metal conductor of large area, 
isn’t that true? A I do not recall the detailed wording, 
but I would assume that he must have said as much. 

Q Well, he says that he could have used solder or 
Wood’s metal? A That is true. 

Q For the large area conductor? A Yes. 

Q But I guess, in order to preserve this piece of ger¬ 
manium which he had borrowed, he used layers of 

103 tin foil, or of iron or copper gauze, which were 
clamped between two iron jaws? A That is true. 

Q And he says, doesn’t he, on page 2 of that article, 
page 744, in fact, that he used the several layers of tin 
foil or of the iron or copper gauze to give a yielding 
surface and a larger contact area ? A Correct. 

Q So Merritt refers to a piece of germanium, he re¬ 
fers to a metal conductor of large area on which that 
piece of germanium is mounted, and he also refers to a 
metallic probe? A Yes. 

Q That metallic probe could, without a distortion of 
language, be called “cat whisker,” couldn’t it? A 
Surely. 

Q Now, would you say that the electrical device as 
shown in Figure 1 of this Benzer application is a diode? 
A That is the normal terminology of the device with 
two electrodes. 

Q And so Merritt also shows a diode, does he not? A 
Correct. 

Q Merritt doesn’t suggest that this germanium he 
specifies is impure, does he? A To my recollection he 
doesn’t indicate the degree of purity. I don’t know 

104 what you mean by your question, exactly. 

Q As a research scientist viewing this publica¬ 
tion and attempting to repeat the experiment, wouldn’t 
you choose as pure a piece of germanium as you could 
find? A I think so, probably. At least the first step I 
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would take would be to secure whatever germanium was 
available and, if I may say in answer to your question, 
Merritt chose apparently the only germanium which was 
available to him at the time. 

Q But in repeating his experiment some 20 years 
later, you would have tried to obtain the purest ger¬ 
manium available? A Yes, we actually did that, we 
attempted to secure the purest we could. 

Q Now, isn’t it also true, in addition to what you 
said in your direct examination about the resemblances 
between silicon and germanium, that they have the same 
crystal form? A That is correct. 

Q Now, the electrical characteristics which are re¬ 
ferred to in the Benzer application and which are set 
forth in the claim, are charted in Figure 2 of the Benzer 
application, aren’t they? A Yes. 

Q And Figure 2 of that Benzer application makes 
specific reference to the whisker negative and the 
105 whisker positive, isn’t that true? A That is cor¬ 
rect. 

Q And claim 21, which you may refer to, when it de¬ 
fines this alleged property which is indicated in Figure 2, 
makes specific reference to a conductor, does it not? A 
I think it makes reference to two conductors, doesn’t it? 
No, electrical terminal means and a metallic conductor. 

Q And it makes reference to the body, also? A Yes. 

Q So claim 21 leans on a reference to conductor for 
definition of property? A Not for definition of prop¬ 
erties, that is one of the components of the claim, if I 
understand this correctly. 

Q Well, read the claim. The claim calls for a point 
which is selected to provide the property, right? A 
That point is on the germanium. 

Q Yes, but then the claim goes on to say: “such 
that when the potential upon the body is negative the 
potential upon the conductor will be positive.” A Yes, 
I am sorry. 
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Q There is a definite importation into that claim of 
the reference to conductor! A The conductor here is 
used as a means of applying the potential to that point 
on the body of germanium, if that is what you mean. 

106 Q The reference is to the conductor? A It 
says, ‘‘and a metallic conductor positioned in con¬ 
tact with a point” on the body of germanium. 

Q Yes. A And the conductor is a means of apply¬ 
ing the potential, you might say, to that point on the 
germanium surface. 

Q To wit, the cat whisker? A The conductor is 
equivalent in this claim to the cat whisker, yes. 

Q And the cat whisker is definitely mentioned in the 
definition of the property that is set forth at the end 
of the claim? A The property resides in the behavior 
of the germanium. 

Q That isn’t my question. A I am sorry, I do not 
understand your question. 

Q There can be no doubt there is a reference to a 
property in the final clause of that claim? A That cer¬ 
tainly is true. 

Q And in defining the property, mention is specifically 
made to the conductor? A The conductor which is posi¬ 
tioned in contact with the body of germanium. 

Q Which is the cat whisker? A The conductor is the 
cat whisker? 

107 Q Yes. A There is no question about that 

Q In claim 23, there is a reference, in the defini¬ 
tion of that property specified, to said device? A Yes, 
that is, “the property that when a voltage is applied,” 
yes, and the means of applying the voltage would be con¬ 
ductive means of applying voltage to the point on the 
body; I think the claim earlier states with one surface in 
electrical conductive contact with the point on the surface 
of the body. 
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Q Said device is the device which comprises: “a body 
of semi-condncting germanium of a purity in excess of 
99 percent, a contact element establishing electrical con¬ 
tact with one surface area of the body, and a metallic 
conductor in electrical conductive contact with a point 
on the surface of the germanium.” isn’t that true? A 
That is what it says. May I make one comment? 

Q It is satisfactory with me. 

THE COURT: Go ahead, you may make it. 

THE WITNESS: I am not sure that I got your 
question, you read the claim and asked me if that is 
what it says; well, obviously, I would say yes. Is that 
what you meant? 

BY MR. MOORE: 

Q Yes. Did you have anything to do with the prepa¬ 
ration of the brief which was filed before the Board 
108 of Appeals in this case? A Not directly; I can¬ 
not recall whether I saw it or not, I do not recall that; 
I certainly had nothing to do, as far as I recall, with 
the preparation of it. 

Q Do you remember whether Mr. W. S. Hill sub¬ 
mitted it to you for your scrutiny before it was filed? A 
I do not remember. 

Q But you had been familiar with the papers that 
were filed previously to the argument before the Board? 
A Generally speaking, yes. 

Q Now, only some germanium crystals will afford the 
characteristics set forth in Figure 2 of the Benzer appli¬ 
cation, isn’t that true? A By that do you mean that 
not all germanium crystals that one might find would 
exhibit this? 

Q That is right. A That certainly is true. 

Q There must be certain impurities in the crystals to 
give electrical characteristics that are delineated in 
Figure 2? A Yes. 
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THE COURT: Do I understand that those impurities 
must be there to give this? 

THE WITNESS: Theoretically, if one had 100 per¬ 
cent pure germanium, one, we know from other 

109 electrical measurements, will find that its conduc¬ 
tivity, that is, its ability to pass electrical currents, 

would be very, very poor and would not therefore be suit¬ 
able for making this device. As a matter of fact, it is 
now possible to purify—this is a development that came 
after this particular invention—it is now possible to 
purify germanium to such an extent that it is not suit¬ 
able for making this device. In other words, the specifica¬ 
tion was absolutely correct and later work confirms it, 
you must have remaining some ionized impurities present. 

THE COURT: Now, the Court got the impression at 
the outset that the novelty was the fact that, as you 
processed the germanium and got it pure, you got the 
industrial use? 

THE WITNESS: Right, that is correct; substantially 
pure, with small amounts of ionized impurities remaining 
therein. 

THE COURT: Let me use, not a good expression, we 
know that cream has more nutritive value than milk; what 
is it that gives the cream to this product, is it the 
foreign substance or the pure germanium? I rather 
gather that you and another physicist have found that 
by adding other elements, you apparently improve the 
quality of germanium? 

THE WITNESS: You have hit upon one of the ques¬ 
tions that has been disturbing scientists for a long time. 

THE COURT: It would take a dumb man to ask a 
question like that. 

110 THE WITNESS: I can make this statement, 
however: It is the combination of the germanium, 

together with a minute trace or traces of impurity, that 
produces the desired result. I mean by that, the ger- 
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manium itself would not conduct electricity sufficiently 
well. And for this purpose, relatively impure—for many 
purposes, that would still be called pure—but for this 
purpose, if it had too many impurities present, you would 
not get these characteristics at all. That is what Merritt 
had, that is what Sperry had, that is what General Elec¬ 
tric had, that is what we had before we got into this, 
before Benzer made his discovery. There were too many 
impurities present; this gave us the rectifier of the prior 
art, of the literature of Merritt, say, it gave us the rec¬ 
tifier analogous to silicon. It is the combination of ger¬ 
manium itself with minute traces of impurities; the im¬ 
purities help govern the electrical property of the ger¬ 
manium. I am not giving you any technical details, it is 
rather complicated; in fact, it is not at all understood, 
but small traces of impurities do suffice to give the ger¬ 
manium this peculiar and unique property. To my knowl¬ 
edge, it is unique. 

THE COURT: The information is helpful, but it is 
going to be judicially complex, I can assure vou. 

BY MR. MOORE: 

Q You supplied Benzer with the impure germanium 
with which he conducted his experiment, isn’t that 
111 true? A Well, I supplied some of it, to be abso¬ 
lutely correct, I did not supply all of it, Eagle- 
Picher provided directly some of it. 

Q You knew that that germanium was going to be 
used in an electrical device which comprised a large area 
conductor and a cat -whisker, didn’t you? A Or other 
devices, for different functions. 

Q Or at least you knew it would be used in this one 
device which would include the piece of germanium 
mounted on a large metallic conductor probed by a cat 
whisker, right? A Yes. 

Q And Benzer, you say, conducted certain experiments 
and found that that germanium, as incorporated in the 
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device, gave the device certain desirable properties? A 
That is true. 

Q The germanium that you secured from the Eagle- 
Picher Lead Company, and turned over to Benzer for 
experimentation, contained minute quantities of these 
ionized impurities, didn’t it? A Yes. 

Q And you suggested that the germanium made from 
the germanium dioxide also contained the impurities? A 
Yes. 

Q But not all impurities make a germanium crystal 
available for production of the electrical character- 

112 istics shown in Figure 2, do they? A That is 
apparently correct, yes. 

MR. MOORE: That is all. 

MR. DIENNER: May I ask a few questions? 

THE COURT: Yes. 

Redirect Examination 
BY MR. DIENNER: 

Q You have been asked about the Horowitz patent 
No. 2,514,879? A Yes. 

Q Did Benzer’s work come after or before the work 
which this patent represents? A It preceded this work. 

Q When you appeared before the primary Examiner, 
what equipment or apparatus did you show the Exam¬ 
iner? A I demonstrated means of testing various pieces 
of germanium to him, using an oscilloscope and suitable 
contacting electrodes to show the properties of ger¬ 
manium. 

Q In other words, you came along to show that equip¬ 
ment, that apparatus? A Yes, I did. 

Q Could you explain to us what, in the way of a 
problem of physics, was precipitated by this Benzer dis¬ 
covery? A Well, in brief, the discovery was of such a 
nature that we were confronted with the problem of 

113 going into, on a limited scale, production of these 
devices and to producing them with reproducibly 
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good high voltage properties and obviously to try to 
improve them. Is that what you meant? 

Q No. How did they explain it? A Oh. There was 
no explanation. 

Q Have they got one now? A A partial explanation. 

Q Is it thoroughly accepted, the explanation of how 
this thing works? A There is still much discussion 
about it, to say the least. 

Q Will you please explain to the Court that there is 
a theory of positive holes in crystal structure? A Yes. 
We have talked about conductivity of various substances 
and normally, at least since the ^O’s, one has talked in 
terms of electrons as conducting electricity. Electrons, 
therefore, are thought to be the conductors of electricity 
in metals and in all other substances which conduct elec¬ 
tricity, that is, all solid substances. However, as an out¬ 
growth of some of the basic studies involving germanium, 
particularly, and other semi-conductors, a concept has 
evolved involving a so-called positive conductor of elec¬ 
tricity. It is really, in one sense, an absence of an elec¬ 
tron, but it behaves as though there is a positive charge 
moving, called a positive hole, is that what you 
meant? 

114 THE COURT: A charge moving as a positive 
what? 

THE WITNESS: A positive hole, h-o-l-e, a vacancy. 

THE COURT: H-o-l-e? 

THE WITNESS: You might think of it in terms of 
musical chairs, you know what the game is? 

THE COURT: Yes. 

THE WITNESS: Every chair is occupied but one, 
so you all get up and move, there is still one chair vacant 
when everyone sits down, but it probably is not the 
same chair, that is a possibility—or have I got the game 
reversed ? 
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BY MR. DIENNER: 

Q Has there been a substantial amount of discussion 
among physicists and publishing of papers in regard to 
this? A Oh, yes, very much. 

Q Explain briefly what the scope of the discussion 
has been, before what bodies. A Oh, it has been a 
very vigorous discussion before technical societies, engi¬ 
neering societies, the physical society, and others con¬ 
cerned with electrical theories. 

MR. DIENNER: That is all. 

MR. MOORE: No further questions. I would like to 
introduce the Horowitz, et al., patent, No. 2,514,879 as 
Defendant’s Exhibit No. 2. 

MR. DIENNER: The application for that is men¬ 
tioned in the Benzer specification. 

115 MR. MOORE: That is true. 

THE COURT: Is there any objection? 

MR. DIENNER: No objection. 

THE COURT: Let it be received. 

(Horowitz Patent No. 2,514,879 was marked Defend¬ 
ant’s Exhibit No. 2 for identification and received in evi¬ 
dence.) 

(Witness excused.) 

MR. DIENNER: Dr. Torrey, will you take the stand? 
Thereupon— 

Henry C. Torrey, 

called as a witness on behalf of the plaintiff, being first 
duly sworn, was examined and testified as follows: 

Direct Examination 
BY MR. DIENNER: 

Q Will you please state your full name and your resi¬ 
dence? A Henry Cutler Torrey. I reside in Highland 
Park, New Jersey. 

Q What is your age? A Forty-one. 
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Q And what is yonr occupation? A I am Professor 
of Physics at Rutgers University. 

THE COURT: Let me interrupt you. Doctor, in 
order that our record be complete, would you spell 

116 your last name, T-o-r-r-e-y? 

THE WITNESS: That is correct. 

BY MR. DIENNER: 

Q Give us your educational qualifications. A After 
graduating from high school, I attended the University 
of Vermont, received a degree of Bachelor of Science in 
Chemistry there in 1932. Then I went to graduate school 
at Columbia University, received a degree of Master of 
Arts and Physics, 1933; the degree of Doctor of Philos¬ 
ophy in Physics, working under Professor Rabi in 1937. 

Q Did you do some work in connection with Professor 
Rabi, was that it? A That is correct, I did my Ph.D. 
thesis under Professor Rabi. 

Q Did you participate in some work which won the 
Nobel prize? A In 1945 while I was a member of the 
Radiation Laboratory, Dr. E. M. Purcell, R. V. Pound 
and myself, in our spare time, performed an experiment 
which led to the discovery of a new phenomenon called 
nuclear magnetic resonance. In recognition of this, Dr. 
Purcell was awarded the Nobel prize in physics in 1952. 

Q Thank you. How long have you been Professor of 
Physics at Rutgers? A I joined the staff at Rut- 

117 gers in 1946 as Associate Professor and was pro¬ 
moted to Professor in 1950. 

Q And did you have something Lo do with the crystal 
rectifier program of the N.D.R.C. during the war? A 
Yes, sir. I might say that after I got my degree, I went 
to Pennsylvania State and taught there for five years 
and then became a member of the staff of the Radiation 
Laboratory at M.I.T. during the war and I was assigned 
to the crystal rectifier section which was engaged in the 
research and development of crystal rectifiers. 
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Q What was the occasion for calling that crystal rec¬ 
tifier body into existence? A Well, as Dr. Whaley has 
testified, the crystal rectifier was an integral part of the 
microwave radar system. It was also, as he correctly 
testified, probably the weakest link in the chain and one 
that decisive improvements on would have made a great 
difference in the success of radar. 

Q Now, you followed that crystal rectifier program 
through the war? A Yes, sir. 

Q And are you the author of any book or publication 
in relation to crystal rectifiers? A Yes, sir. I am the 
co-author of the book called “Crystal Rectifiers,” with 
Dr. Whitmer, which was published as one of the Radia¬ 
tion Laboratory’s series by the McGraw-Hill Book Com¬ 
pany. 

118 Q That is one of a series of books which the 
Radiation Laboratory put out on the problems 
which they worked on during the war? A Yes. 

Q Now, in selecting information for this particular 
volume, what did you find as to the history of the crystal 
rectifier or detector? A I might read a brief portion 
of the text, on page 5: 

“1.4. The Discovery and Early Use of Crystal Recti¬ 
fiers.—In the early days of the development of radio 
communication the crystal rectifier was almost univer¬ 
sally used as the detector in radio receivers. A typical 
detector was made by soldering or clamping a small 
piece of the crystal in a small cup or receptacle. The 
rectifying contact was made with a flexible wire cat 
whisker which was held in light contact with the crystal. 
Good rectification was obtained only from ‘sensitive’ 
spots on the crystal and frequent adjustments of the 
contact point were necessary for good performance. 

“The development of thermionic tubes made the crys¬ 
tal rectifier obsolete in radio receivers. From about 
1925 to 1940 the crystal rectifier was used chiefly as 
a laboratory device for detecting and monitoring 
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119 ultra-high frequency power. A combination of a 
silicon crystal and a whisker of tungsten or moly¬ 
bdenum was found to be among the most sensitive and 
was commonly used for this work.” 

Q Now, when did the crystal detector again become 
significant? A It became significant during the war, 
first of all in England, and played an important role in the 
development of radar in England. 

Q What was the use of radar in England, particularly, 
that is generally recognized? A Well, the great con¬ 
tribution of radar was in the Battle of Britain in which 
the British were able to defeat the Nazi air raids. 

Q In other words, with the use of radar, they were 
able to see planes? A They were able to see planes 
before they got there and get their own fighter planes 
in the air in time to attack them. 

Q And this crystal w’as used as the detector in radar, 
is that correct? A It was used as a detector in radar. 
Now, as a matter of fact, I believe at the time of the 
Battle of Britain, a good many of the radars then 

120 in use used lower frequencies and microwaves 
were a later development. 

Q As they reached the higher frequencies, what be¬ 
came the problem? A The problem was to secure a 
stable, efficient, first detector and that was the direction 
in which our research was pointing always. 

Q Are you familiar with any of the work done at 
Purdue in respect of the germanium development? A 
Yes. In fact, I was assigned, as part of my duties at 
the Radiation Laboratory, the supervision and coordina¬ 
tion of work outside of the Radiation Laboratory on this 
problem, especially among other contractors of the Office 
of Scientific Research and Development. 

Q Do you know whether a study of germanium was 
taken up by others besides Purdue? A Yes, it was; 
it was taken up by the Sperry Gyroscope Company, by 
the University of Pennsylvania, by the General Electric 


Company, and I believe it had already been taken up in 
England by the General Electric Company of England. 

Q And the result of their work on germanium was 
what? A Up to the time of the Benzer invention, they 
had not succeeded in producing a rectifier which could 
compete with silicon for use as a first detector in micro- 
waves. 

Q Was silicon being manufactured for that pur- 

121 pose then? A Yes, it was very extensively man¬ 
ufactured, millions of them were made every year. 

Q Now, when the Benzer invention came along, did 
you have any part, or did you know about its being an¬ 
nounced to others? A The first I heard about it was 
when Professor Horowitz visited the Radiation Labora¬ 
tory in the fall of 1943 and brought with him some of 
the characteristic curves which have been shown here in 
court today, curves of the Benzer type displaying the 
high back voltage and negative resistance feature. Dr. 
Horowitz showed these curves to me and to others, a few 
others, at the Radiation Laboratory. 

Q What was their reaction? A Well, I would say, 
first of all, my own personal reaction was almost of in¬ 
credulity. I had never seen anything like that before, I 
had no reason to anticipate that such a development was 
possible and it was shocking and surprising, to say the 
least. 

Q Do you know whether the others expressed any sim¬ 
ilar viewpoints? A The other people who w’ere familiar 
with the art also expressed the same view. 

Q Then, what particular requirement or particular 
need was this Benzer crystal applied to? A Well, 
what happened was this: It turned out rather 

122 quickly that crystal rectifiers of the Benzer type 
were not useful as microwave first detectors, which 

was the principal application that we had at that time. 
They were not useful at very high frequencies, so we 
didn’t plan to make use of them at the moment. How- 
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ever, about two months later, I was advised by other 
members of the Radiation Laboratory that they had 
serious need of a crystal rectifier which would have pre¬ 
cisely the properties that the Benzer type had. These 
people were not even aware that this existed, the infor¬ 
mation -was not revealed to them. I immediately in¬ 
formed them of the Purdue discovery and they were quite 
enthusiastic and asked to have samples to test. 

I could go into the reason that this demand was urgent, 
if you want. 

Q I vrould appreciate that, if you please. A What 
happened w’as this: The Germans had started using 
Snorkels on their submarines. This enabled the sub¬ 
marine to remain submerged for long periods of time and 
successfully evade detection by our aircraft radar. The 
Snorkel, that is the tube that stuck out of the water, 
presented a poor radar target, it was small, and im¬ 
provements in our radar were therefore essential in order 
to detect them, or improve our detection of them. Well, 
one thing that w*as limiting us was the fact that we 
needed to use narrow pulses of microwave energy in 
order to obtain sufficient resolving power to detect 
123 these Snorkels above the sea return, background. 

Now, this meant that we had to use wide-band re¬ 
ceivers in order to amplify such pulses. 

Now, diodes are used in receivers, they are used as 
second detectors and they are also used for what is 
known as instantaneous volume control. Vacuum tube 
diodes were unsuitable for use in wide-band amplifiers 
because of their large capacitance and, as second detectors, 
because of their high impedance. It was recognized that 
the crystal rectifier of the Benzer type did not suffer 
from these disadvantages and might well be the factor 
which made possible the use of very wide band amplifiers. 

Q V 7 hat was done commercially in that direction, then? 
I say commercially, I mean in the way of making and 


using? A The Radiation Laboratory decided that they 
should put these units into production, for this reason— 
I might say there were other reasons because once the 
general news had gotten around of its existence, these 
other people at the Radiation Laboratory, engaged in 
other aspects of radar, found that they could make very 
good use of these rectifiers also, in various applications. 
So we decided to put them into production and we got in 
touch with the Bell Telephone Laboratories and as a 
result of some conferences, they agreed to investigate the 
possibility of putting these into production. They ac¬ 
cepted a contract with the Office of Scientific Re- 
124 search and Development and in this work they 
made various experiments in an effort to, well, in 
an effort to design production facilities which would make 
possible the production of these units with desirable char¬ 
acteristics. 

I might say here that experimentation in the labora¬ 
tory and actual production in the factory are two different 
things and it is necessary to establish a link between 
them by a considerable amount of engineering work. 

Q Was there any connection with Purdue in that 
particular activity? A Yes, this contract was integrated 
with the Purdue Contract; Purdue people were directly 
invqjved in that they consulted frequently with the Bell 
Laboratory people and helped them with the work. 

Q And how long was that contract carried on? A 
That contract started, I believe, in the summer of 1944 
and was carried on for about a year. 

Q Then after the war, what was the picture in regard 
to the high back voltage Benzer rectifier? A I might 
say, first of all, that the war ended before this new use 
could be put into practice in our Armed Forces. But 
after the war, as soon as this information was declassi¬ 
fied became known generally, it became widely used in a 
variety, a very wide variety of electronic circuits. 
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Q You have heard the testimony of Dr. Whaley 
125 this morning in regard to the extent of use; have 
you anything to add to that? A I would like to 
confirm Dr. Whaley’s testimony which certainly shows 
that the use has been and is very extensive. I don’t 
know that there is anything to add. 

Q Would it be correct to say that it entered fields 
which did not exist before, it opened up fields which did 
not exist before? A It certainly opened up fields which 
did not exist for crystal rectifiers before. 

Q What about the use of the transistor? A Oh, yes. 
Well, I would say it was definitely the forerunner of the 
transistor, that is to say, the transistor was developed 
by the Bell Telephone Laboratories and, in my opinion, 
was a direct consequence of their work on germanium 
which was stimulated, as I have just testified, by the 
Purdue discovery. 

THE COURT: Mr. Dienner, I wonder if this would 
not be a good time to adjourn over the night and we 
will resume at 10 o’clock in the morning. 

(Thereupon, at 4:05 o’clock p.m., an adjournment was 
taken, to reconvene at 10:00 o’clock a.m., Wednesday, 
March 18, 1953.) 

• • • • 

127 PROCEEDINGS 

Thereupon— 

Henry C. Torrey 

resumed the stand and testified further as follows: 

Direct Examination (Resumed) 

BY MR. DIENNER: 

Q Dr. Torrey, the volume which you referred to yes¬ 
terday as written by yourself and Dr. Whitmer, I be¬ 
lieve, will you please identify it as of the date and title 
and copyright? A This volume is entitled “Crystal 
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Rectifiers” by Henry C. Torrey and Charles A. Whitmer, 
published in 1948, copyright in 1948 by the McGraw-Hill 
Book Company, Inc. 

Q Thank you. When was this book written, relative 
to your connection with the present case? A It was 
written before I became connected with this case. 

Q And in that book, did you ascribe credit for the 
invention of high back voltage germanium rectifiers to 
anyone? A Yes, I ascribed it to Benzer. 

Q Now, you spoke earlier in your testimony of the 
incredulity of yourself and other scientists of the char¬ 
acteristic curves of the Benzer rectifier here in suit. 
Now, on what was that based? A Well, it was based 
upon the fact that none of us at the Radiation 
128 Laboratory had seen anything comparable to Ben¬ 
zer *s curves. There was no basis in our previous 
experience to expect that such a possibility should exist. 
We also had, at that time, a theory on which we relied, 
it wasn’t entirely adequate but it gave a good account of 
many of the facts; but this theory was incapable of ex¬ 
plaining anything like that. I think it is fair to say that 
there was actually nothing in either experience or theory 
which would point to or teach the Benzer results. 

MR. DIENNER: You may take the witness. 

MR. MOORE: No cross-examination. 

THE COURT: Very well. 

• • • • 

174 Ruling of the Court 

THE COURT: This case is brought under Revised 
Statutes 4915, United States Code, Title 35, Section 63, 
as amended, and was brought by the parties plaintiff, a 
corporation and Seymour Benzer, an individual. 

The complaint seeks the issuance of a patent in a field 
of rectification especially as it applies to the electrical 
industry. For the most part, the application relates to 



germanium contact devices and particularly to german¬ 
ium rectifiers. 

The devices of this class and especially the one under 
review, consist in the main of a germanium block or slab 
having a large area metal contact against one surface 
and a point metal contact against another surface. When 
alternating voltages are applied between the two con¬ 
tacts, rectification is a result. 

The direction of rectification, however, is dependent 
upon factors including the characteristics of the german¬ 
ium, itself, and as an incident to it, there is the need of 
germanium crystals in their use, and satisfactory 
175 characteristics in contact devices. 

The particular matter revolves greatly around 
the fact that in a very high degree of purity, german¬ 
ium will make an excellent rectifier and then, strangely 
enough, in the application the amount is described as in 
excess of 99 percent pure. Nevertheless, in this small, 
nebulous field of less than 1 percent, apparently is the 
hidden mystery that nature has baffled man with. 

The Court comments upon that because, as one reads 
the pleadings, he might gain the impression that in the 
ultimate refining of pure germanium lies the novelty or 
the inventive feature of the case. The Court has had 
the benefit of excellent testimony that scientists cannot 
say what there is about the behavior of the element ger¬ 
manium as it approximates an absolutely pure state and 
the small presence of alloys or foreign elements which 
in the end result produces the industrial need. 

In arriving at the conclusion which the Court must find 
as the trier of facts and in the determination of the find¬ 
ings of fact and conclusions of law, there are certain legal 
guideposts which have been erected to aid the Trial 
Court. 

The latest pronouncement from the Supreme Court, to 
wit, the case of the Great Atlantic & Pacific Tea Com¬ 
pany v. Super Market Equipment Corporation, reported 



in 340 U.S. beginning at 147, decided December 4, 

176 1950, is an opinion that struggles with the ancient 
definition of what is a patent. There, of course, the 

one seeking the patent had apparently lengthened the me¬ 
chanical device which operated manually and did check 
on deposit purchases in a store. It was not an uncom¬ 
mon device in that it simply gathered by mechanical 
means a number of articles and there was in the applica¬ 
tion a uniting of elements which were old in the field of 
mechanics. Speaking through Justice Jackson, the Su¬ 
preme Court said: 

“Courts should scrutinize combination patent claims 
with a care proportioned to the difficulty and improba¬ 
bility of finding invention in an assembly of old ele¬ 
ments. The function of a patent is to add to the sum of 
useful knowledge. Patents cannot be sustained when, on 
the contrary, their effect is to subtract from former re¬ 
sources freely available to skilled artisans. A patent for 
a combination which only unites old elements with no 
change in their respective functions, such as is presented 
here, obviously withdraws what already is known into 
the field of its monopoly and diminishes the resources 
available to skillful men. This patentee has added noth¬ 
ing to the total stock of knowledge, but has merely 
brought together segments of prior art and claims them 
in congregation as a monopoly.” 

In our own Circuit, in the case of Pick v. Coe, 

177 in a per curiam decision rejecting the efforts of 
one to get a patent on certain alleged improve¬ 
ments in a rotary valve, a water softening apparatus, 
the Patent Office allowed a claim for making the valve 
member of vulcanized hard rubber but rejected the ap¬ 
plicant’s other claims and these other claims would ap¬ 
pear to revolve around a valve member described as a 
laminated synthetic plastic. The District of Columbia 
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Circuit Court of Appeals, after referring to the matter, 
then said this: 

“That it was new and useful to construct of such ma¬ 
terial the particular type of valve here involved is not 
questioned; but we think the Patent Office was right in 
holding that this substitution of material did not involve 
invention. To use in a new situation a thing which has 
been used before in a closely similar situation commonly 
involves not invention but only ‘obvious adaptation,’ and 
commercial success cannot take the place of invention.” 

After citing authorities, the Court continues and says: 

“Here only search, or research, was required. To 
paraphrase language which the Second Circuit Court of 
Appeals, 87 F. 2d 702, 705, used and the Supreme Court 
adopted in the Textile Machine Case, we cannot say that 
an art which knew the use of this material in valves for 
pumps required some uncommon talent to conceive 
178 of using it in valves for water-softeners.” 

Then the thing which counsel argued ably and 
which was a distracting factor in the Court’s judgment 
as it tries to find the facts of the present case, was this 
question of functional use. In the case of Ainsworth v. 
Gill Glass & Fixture Company, a Federal District case, 
reported in 26 F. Supp. and especially at page 186, Dis¬ 
trict Judge Kirkpatrick, speaking of the matter, had this 
to say: 

“The law is well settled that functional features may 
always be freely copied by competitors.” 

Then he continues on and says: 

“When goods are bought largely for their aesthetic 
value, their features may be functional because they defi¬ 
nitely contribute to that value and thus aid the perform¬ 
ance of an object for which the goods are intended. 
Thus, the shape of a bottle or other container may be 
functional though a different bottle or container may hold 
the goods equally well. A candy box in the shape of a 
heart may be functional, because of its significance as 
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a gift to a beloved one, while a box of a different shape 
or the form in which a ribbon is tied around the box may 
not be functional.” 

Now, the same opinion also speaks of the fact that 
where there has been general commercial use in a 

179 field heretofore unknown, it is some evidence of 
the nature of the article sought to be patented as 

bearing upon the evidence of whether it is a patent in 
fact or not. 

In this particular case, there has been very able pres¬ 
entation of the issue and the Court has had the benefit 
of very fine and excellent testimony coming into a field as 
nebulous as the field of chemistry where apparently man’s 
limitations are only measured by his industry and where, 
to the layman, a new experiment in a resource opens up 
a whole field to a point where we started with nylon and, 
if the Court as a humble layman can believe it, nylon has 
multiplied not arithmetically but geometrically until now 
one reads ads and can’t even understand the basis which 
may, apparently, lie in nylon. While this Court was sub¬ 
jected to a very small and ineffective course of chemistry 
in a commercial high school and it was a case of expos¬ 
ure and not a case of deep penetration, the Court can 
remember as of that period there apparently were only 
some sixty known elements and yet in the master of 
thirty years, the ceiling which the world of science 
thought it had reached has been increased and now there 
are many more added to it. 

I point to that because in a moment I shall make 
reference to it, but I now want to get the sharp issues 
which are before us so that, as against them, we may 
make the finding of facts and conclusions of law which 
are necessary here. 

180 Counsel for the applicant has suggested that 
there is a patentability here because, one, that the 

subject has long been before the public and need has not 
been supplied; two, that workers in the art had every 
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incentive to produce it and did not produce it; and then 
three, there have been tremendous consequences which 
could not have been obvious and this does point up to 
the argument of whether this is a patent. 

On the other hand, the Government takes the view that 
under this section of the Revised Statutes, there has to 
be convincing proof that the Patent Office was incorrect, 
and then points to an alleged inadequacy in a definition 
in the claims. 

Both sides of the trial table agree that we are con¬ 
cerned with the nebulous result discovered on experimen¬ 
tation of the applicant, of the presence of a crystal with 
a supporting conductor, in this case metal, and what has 
been known to the art for certainly over 40 years, a cat’s 
whisker. 

Now, the interesting thing about the case is that the 
first impression from the pleadings and the earlier testi¬ 
mony, prior to cross-examination, ■was that the thing that 
the law has described, and perhaps inadequately, as in¬ 
ventive genius, patentable novelty, or something that was 
useful in the known art, seemed to turn upon the fact 
that an element in the chemical world known as ger¬ 
manium in an approximate, perhaps the Court ought to 
say an ultimate pure state, had the property of 
181 acting as a rectifier and not destroying itself when 
subjected to high voltages of electricity. 

As an aside, it is quite interesting to note that begin¬ 
ning some 40 years ago with a silicon crystal and a con¬ 
tact by metal with current supplied by electricity and 
moving this metal contact, which is now popularly known 
as a cat’s whisker, reaction to sound was obtained that 
brought on the gradual development of radio and has 
undoubtedly blossomed into the full discovery of televi¬ 
sion; that the world of science thought it had improved 
on that simple device when it reached the electronic tube. 

It is interesting that in the tremendous use in this 
field of rectification, the improvement had deterrents, the 
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deterrent of size and the deterrent of heat, and that when 
tremendous amounts of current were applied in the field 
of electricity, this particular then-known device burned 
out. And the scientific world went back to the little, 
simple device as described in this case of a crystal with 
one, two or three metal contacts; that crystal has been 
reduced in size to what the evidence would show would 
be the head of a pin or perhaps even the point of a pin 
and encased in an extremely small object, especially in 
the huge aerial transmitting set in the radar screen. 

As an aside, the Court was able to follow you gentle¬ 
men fairly well, because the Court has seen both 
182 the large radar screen and the smaller radar 
screen in actual operation both aboard ship and 
in military installations ashore. I know the problem that 
you were describing, so that I was not a neophyte or one 
uninitiated to that field. But the interesting part is that 
in the tremendous construction of mechanical devices to 
make the screen, here 40 years ago scientists should find 
this little crystal and this commonly-accepted device, en¬ 
case it in a small housing and reduce the tremendous size 
and the resulting heat. 

Now, moving ahead to the thing that we are interested 
in, as I say, the Courts have used this expression: Is it 
inventive genius'? Is it patentable novelty? And we come 
up against this problem: Is this a matter of simple re¬ 
search or is it discovery in the sense of creation of 
something new r , something novel? 

First of all, it is quite apparent and the Court does 
find as a fact that in 1925, Merritt in his publication 
specifically referred to the extremely valuable qualities 
in the field of rectification of the element of germanium 
and discusses it quite at length. The Government says 
that one can read, as against the prior art, in the Ohl 
investigation of 1946 the thing which the applicant here 
was seeking to get as a patent. The only point the Court 
follows there is the element of silicon is a separate and 
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distinct element from germanium. It is true they fall 
in the same group, commonly described as group 

183 4, Mendeleef’s periodic arrangement of the ele¬ 
ments, and they seem to be grouped because of some of 
the characteristics they both had in common, one of 
which was the use of both in the field of contact rec¬ 
tifiers. 

Now, in his discovery or invention, Ohl found that the 
nearer he approached the ultimate for purity in silicon, 
the greater was the resistance in the rectification and 
the practicability to the field of commerce. Apparently 
silicon is produced from the quartz-like quality of sand, 
and this element of germanium seems to be an unusual 
relative of silicon found in far different fields, described 
to the Court as being found in the field where one would 
mine for lead, in the fields of coal, and even in the gather¬ 
ing of the residue of soot or gases as they go up the 
ordinary chimney. 

Now, it has reached a stage of commercial use that 
one firm, Eagle-Picher Lead Company, is actually making 
it as a custom-made product and has apparently got it 
to almost a pure stage. 

Now, the Court is compelled to say that you can read 
the application clearly upon Merritt’s publication and if 
you will grant that the other element, silicon, is in the 
same group classification and the highest result obtained 
was obtained in endeavoring to get 100 percent silicon, 
then I think it is quite clear that this is the process of 
simple research because one, knowing of its resist- 

184 ing qualities, would naturally test from the known 
stage in which it was found, the relationship of the im¬ 
purities in it, to the result desired, eliminating the im¬ 
purities to discover that as you got to 100 percent pure— 
query: Would you get to the ultimate? 

Now here, it takes a peculiar turn, like nature always 
does. The genius seems to be not the refining to a pure 
state but to have impurities in some proportion; that 
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would appear to be the gist of the invention, at least the 
gist of an invention of commercial use because in July, 
1950, there was granted to one Dr. Horowitz a patent, 
and to one of the witnesses who worked with Benzer in 
production of his curves in the application here. This 
was research made by those two inventors and the patent 
granted in No. 2,514,879, whereby the addition of alloys 
to the element—and to a layman, it seems a high degree 
as described in the specification, in excess of 99 percent— 
that in the addition of alloys to that condition, a better, 
workable product is obtained. So then, instead of it 
being research for pure germanium, it is a search for 
almost pure germanium; but it is the presence of these 
nebulous matters that nature still baffles man with. 

The Court feels, first, that there is no discovery here 
in the sense of an inventive genius or patentable novelty; 

that Merritt does teach it and Ohl teaches it, both 
1S5 of those references are good. 

Now, the next thing to which the Court addresses itself 
is this problem described in argument as whether the 
matter is functional; does the description of it present a 
problem or a puzzle, or is it such that one skilled in the 
art can read and know the product that he seeks to refine, 
from the description given? 

Now here, as the Court has read these claims and read 
them carefully, they do appear clearly to be modes of 
operation. They don’t spell out specifically the means to 
achieve them. The public policy, of course, is well under¬ 
stood that if one were to grant patents on broad descrip¬ 
tions, he would stop progress in a known field for cer¬ 
tainly the life of those patents, and do a tremendous pub¬ 
lic harm. It would appear that while Benzer hit upon 
something and while it startled the then-known chemical 
world, he hit upon the outside of the cavern and he did 
not go inside, he did not find out what was past the door 
or what was past the field. He had not exhausted his 
means of ascertaining that; and in this other patent, 




apparently the inventors Horowitz and Randall Whaley 
did, because unlike the case in which our Circuit was in¬ 
volved, or rather the case in which the Supreme Court 
was involved in the combination of the mechanical units 
to form this collecting tray, the combination of the known 
and the creation of the new combination is the thing that 
gave novelty. 

186 Accordingly, the Court is going to find, and will 
reject the complaint first, that it does not define 
invention within the meaning of Section 4886 of the Re¬ 
vised Statutes in that it is not something which is the 
product of inventive genius or patentable novelty, but is 
the product of research; second, that it can be read on 
the Merritt paper and also on the patent issued to Ohl; 
and third, the claims are functional in character and con¬ 
struction and they do not comply, accordingly, with the 
requirement of the statute. 

Is there any further finding of fact or conclusion of 
law that either side needs? 

MR. MOORE: No, Your Honor. 

MR. DIENNER: No, Your Honor. 

THE COURT: Very well. Will counsel prepare ap¬ 
propriate findings of fact and a judgment? 
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Filed Jun 2 1953 Harry M. Hull, Clerk 

DEPARTMENT OF COMMERCE 
United States Patent Office 

To all persons to whom these presents shall come, 
Greeting: 

THIS IS TO CERTIFY that the annexed is a true copy 
from the records of this office of the File Wrapper and 
Contents, in the matter of the Pending Application of 
Seymour Benzer, Filed January 23, 1946, Serial Num¬ 
ber 642,960, for Improvement in Electrical Devices. 

In Testimony Whereof I have hereunto set my hand 
and caused the seal of the Patent Office to be affixed at 
the City of Washington, this eleventh day of July, in the 
year of our Lord one thousand nine hundred and fifty-two 
and of the Independence of the United States of America 
the one hundred and seventy-seventh. 

Attest: 

/s/ C. W. Sutton 

Chief of Division. 

/s/ John A. Marzall 

Commissioner of Patents. 

• • • • 

Mail Division Jan 23 1946 U. S. Patent Office 
Received Oct 6 1947 Division 48 

U. S. Patent Office Received Jan 15 1946 Div. 48 
To the Commissioner of Patents: 

Your petitioner, Seymour Benzer, a citizen of the Uni¬ 
ted States and a resident of West Lafayette, in the County 
of Tippecanoe, and State of Indiana, whose post office ad¬ 
dress is 217 Waldron Avenue, West Lafayette, Indiana, 
prays that letters patent may be granted to him for the 
improvement in ELECTRICAL DEVICES (Case 2), set 
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forth in the annexed specification; and he hereby appoints 
Arthur H. Boettcher, John A. Dienner and Charles V. 
Hildebrecht, of the copartnership of Brown, Jackson, 
Boettcher & Dienner, (Reg. No. 3183), of 53 West Jackson 
Blvd., Chicago, Illinois, his attorneys, with full power of 
substitution and revocation, to prosecute this application, 
to make alterations and amendments therein, to receive 
the patent and to transact all business in the Patent Of¬ 
fice connected therewith. 

Signed at Chicago, in the County of Cook, and State of 
Illinois this 21 day of January, 1946. 

/s/ Seymour Benzer 

1 TO ALL WHOM IT MAY CONCERN: 

Be it known that I, SEYMOUR BENZER, a citizen of 
the United States, residing at West Lafayette, in the 
County of Tippecanoe and State of Indiana, have in¬ 
vented a certain new and useful improvement in ELEC¬ 
TRICAL DEVICES, of which the following is a full, 
clear, concise and exact description, reference being had 
to the accompanying drawings forming a part of this 
specification. 

-o- 

My present invention relates to improvements in elec¬ 
trical devices, and more particular to a device compris¬ 
ing a semi-conductor element made of substantially pure 
germanium the surface of which is contacted by a metal 
electrode or whisker, which device acts as a rectifier of 
electricity and in addition has certain desirable negative 
resistance properties. 

The devices of my invention are constructed like known 
contact point type rectifiers having a semi-conductor and 
an electrode "with the semi-conductor and electrode having 
connection with a source of electric potential. In the 
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prior art rectifiers of this type the semi-conductor ele¬ 
ments or crystals have been made of galena, silicon, iron 
pyrites and other materials, but so far as I am aware 
point contact rectifiers of this type have one or more of 
the following disadvantages. For example, some of such 
rectifiers are incapable of withstanding in continuous use 
voltages in the high resistance direction greater than a 
few volts without permanent injury or destruction 
2 of the rectifier. Further, some of such rectifiers do 
not function to pass sufficient current in the low 
resistance direction for satisfactory operation of asso¬ 
ciated apparatus, and, in addition, for some the resist¬ 
ance thereof in the high resistance direction is not suffi¬ 
cient to enable use thereof in high impedance circuits, that 
is, circuits over several thousand ohms. 

I have discovered that the above and other disadvan¬ 
tages of prior art rectifiers may be overcome by using a 
semi-conductor made of substantially pure germanium. 
My present invention was made in testing germanium 
crystals to determine their adaptability for use in high 
frequency rectifiers for radar apparatus. These tests 
were conducted by me to determine how much power the 
crystals could withstand before burning out or being 
ruined. 

It was in conducting such tests that I discovered that 
certain of the germanium crystals tested had utility for 
use in a rectifier which overcame the aforenoted objections 
to rectifiers of the point contact type. The germanium 
semi-conductors meeting the requirements of my inven¬ 
tion will be referred to hereinafter. 

My experiments indicated that certain of the germanium 
crystals tested, while substantially pure for many practical 
purposes, by reason of observed electrical conductivity 
apparently did have minute amounts of ionized impurities 
present which rendered germanium having such impuri- 



100 A 


ties of great value for use in constructing rectifiers and 
other electrical devices. It is known that pure ger- 

3 manium presents high resistance to current flow 
therethrough and that the resistance test is a known 

method of determining the degree of the presence of im¬ 
purities in germanium. My tests for burn-out character¬ 
istics of high frequency germanium rectifiers resulted in 
the discovery of a new point contact rectifier. In Ger¬ 
manium high frequency rectifiers the germanium usually 
has alloyed therewith antimony, arsenic, or phosphorus 
and 1 was testing such germanium crystals and other 
germanium crystals having present unidentified impuri¬ 
ties. For the latter, my tests did indicate the presence 
of an impurity or impurities in minute amounts which 
account for the electrical characteristics described below. 

The experimental work above referred to was conducted 
with various samples of supposedly pure germanium in 
an arrangement of parts in which the germanium being 
tested formed a semi-conductor element of a point contact 
type rectifier with which a metal electrode or whisker was 
contacted with points on the surface of the semi-conductor. 
As a result of my experiments I have found that point 
contact rectifiers with the semi-conductor consisting of 
germanium, to be described in detail hereinafter, and which 
has present minute amounts of ionized impurities have 
the following desirable characteristics: 

1. Ability of some points on the surface of semi¬ 
conductor contacted by an electrode or whisker to with¬ 
stand continuous operating voltages of at least 5 volts 
in the back or high resistance direction, or higher voltages 
depending upon the particular point contacted upon the 
surface of said semi-conductor. 

4 2. That the rectifiers exhibit a negative resist¬ 
ance after a voltage peak in the back or high re¬ 
sistance direction is reached, i.e., the voltage across the 
rectifying contact drops upon increase in current flow 
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there-through after the peak back voltage is reached. 

3. Low forward resistances of, for example, about 20 
to 200 ohms at one volt 

4. High resistances in the high resistance direction. 
Some of the points on the surface of the semi-conductor 
exhibit, for example, back resistances at about one volt of 
many thousand ohms. 

5. May be used with frequencies up to 60 megacycles 
and will still rectify at 3000 megacycles. 

6. Provide rectifiers of low capacity of about 0.5 micro- 
microfarad. 

7. Less than 50% decrease in peak back voltage when 
ambient temperature increases from 23° c. to 75° c. 

8. Do not require more space than about that needed 
for a common one-half watt carbon resistor. 

As indicated in paragraph 2 above the assembly of a 
semi-conductor and electrode or whisker exhibits a nega¬ 
tive resistance for currents above the current at the peak 
voltage in the high resistance direction, which character¬ 
istic is of further utility for various applications, in an 
oscillator, for example. I have found points on the sur¬ 
face of the germanium semi-conductor in which the nega¬ 
tive resistance characteristic appears for currents greater 
than the currents at voltage peaks of the order of 
5 5 volts in the high resistance direction of current 

flow through the semi-conductor. Thus, when the 
herein disclosed arrangement of germanium semi-conduc¬ 
tor and electrode is connected in the proper circuit it may 
be used for the production of electrical oscillations. It 
will be understood that, if desired, points of contact on the 
semi-conductor exhibiting peak back voltages of the order 
of 5 volts also have utility when the device is used in an 
appropriate circuit as a rectifier although, as will be 



understood by those skilled in the art, rectifiers of the 
class to which my present invention belongs should pref¬ 
erably be of a character in which the peak back voltage 
in the high resistance direction should be of a magnitude 
of at least 10 volts. A dominant electrical characteristic, 
however, of my present invention is the appearance of 
the negative resistance for currents beyond the current at 
the peak back voltage, whether that peak voltage be of 
the order of 5, 10, 40 volts, or more. 

It is an object of my invention to provide an electrical 
device comprising a semi-conductor of substantially pure 
germanium having minute amounts of ionized impurities 
therein, and an electrode or whisker in contact with a 
point on the surface of the semi-conductor which 
6 when a potential is applied between the semi-con¬ 
ductor and electrode exhibits a high resistance to 
current flow in one direction therethrough and a low re¬ 
sistance to current flow in the opposite direction. 

It is a further object of my present invention to pro¬ 
vide an electrical device comprising the elements as afore¬ 
said which when potential is applied between the semi¬ 
conductor and electrode exhibits a negative resistance for 
currents beyond the current at the peak voltage in the 
high resistance direction of current flow through the semi¬ 
conductor. 

A further object of my invention is to provide a device 
comprising a semi-conductor of relatively pure germanium 
having minute amounts of ionized impurities therein, and 
an electrode or whisker in contact with a portion of the 
surfact of the semi-conductor which when the device is 
connected as a rectifier across an electrical potential is 
capable of withstanding without damage continuous oper¬ 
ating voltages of at least 5 volts in the high resistance 
direction of current flow through the rectifying contact 
and in which certain points of contact of the electrode 


with the semi-conductor may in some cases be capable of 
withstanding much higher voltages in the high resistance 
direction of current flow. 

A further object of my invention is to provide an elec¬ 
trical device comprising the elements above related in 
which points of contact of the electrode with the semi¬ 
conductor may be found which exhibit peak voltages in 
the high resistance direction of the order of 5 volts and 
higher with a negative resistance characteristic being 
present for currents beyond the currents at such peak 
voltages. 

7 A still further object of my invention is to pro¬ 

vide a device comprising the elements above de¬ 
scribed in which the germanium semi-conductor exhibits 
in the high resistance direction of current flow there¬ 
through a negative resistance for currents beyond the 
current at the peak voltage in the high resistance direc¬ 
tion, which device, when connected in a suitable electrical 
circuit may serve, for example, for the production of 
electrical oscillations. 

The above and other objects and advantages of my 
invention will appear from the detail description. 

Now in order to acquaint those skilled in the art with 
the manner of constructing electrical devices in accord¬ 
ance with my invention X shall describe in connection with 
the accompanying drawings certain preferred embodiments 
of my invention. 

In the drawings: 

Figure 1 is a perspective view of a device constructed 
in accordance with my invention which device has utility, 
for example, as a rectifier or as an oscillator, depending 
upon the incorporation thereof in a suitable circuit to 
effect the desired functioning thereof as a rectifier or 
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as an oscillator, as will be appreciated by those skilled in 
the art; 

Figure 2 is a graph illustrating the novel electrical 
characteristics of the device of Figure 1; and Figure 3 
is a typical circuit diagram embodying the device of Fig¬ 
ure 1 and illustrating the manner in which the device has 
use as an oscillator. 

8 In Figure 1 I have shown an electrical device 4 
having utility, for example, as a rectifier or oscil¬ 
lator comprising a semi-conductor element 5 and an 
electrode or whisker 6 having point contact with the sur¬ 
face of the semi-conductor 5. The semi-conductor 5 is 
soldered or otherwise suitably secured to make good elec¬ 
trical contact to a conductor plate 8 made of any suitable 
metal of good electrical conductivity. The electrode may 
be made of any suitable metal conductor, for example Pt, 
Ta, Ni, Fe, Zn, Mo, W, Au, Cu, Ag, Zr, Pb, Pt-Ir, Pt-Ru. 
A lead 9 is connected to the conductor plate 8 and a lead 
10 is connected to the electrode or whisker 6. The leads 

9 and 10 provide for connecting the device in circuit with 
a source of electric potential which, in the use of the 
device, for example, as a rectifier or negative resistance 
oscillator, will be connected in appropriate relation in 
circuit with other associated apparatus. 

The semi-conductor 5 is substantially pure germanium 
having minute amounts of ionized impurities. As above 
referred to, I made my discovery in conducting burn-out 
tests on germanium crystals for use in high frequency 
rectifiers and one of such crystals found suitable for use 
in my present invention was of metallic appearing ger¬ 
manium prepared and furnished by the Eagle-Picher Lead 
Company of Joplin, Missouri, to Purdue Research Foun¬ 
dation on or about June 6, 1942. This metallic appearing 
germanium was offered for sale as chemically pure ger- 
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manium. Germanium does not occur in its pure 

9 form in nature and materials containing germanium 
must be refined or reduced to provide the metal. 

Pure solid germanium would have a high electrical re¬ 
sistance, but this germanium received from Eagle-Picher 
Lead Company was found to have appreciable electrical 
conductivity to a degree indicating the presence of ionized 
impurities, although it was prepared to be free of im¬ 
purities. The observation may be drawn therefore that 
in the refining or reducing of the materials in which ger¬ 
manium is found, there remained in the metal germanium 
as produced by the Eagle-Picher Lead Company certain 
minute quantities of ionized impurities which are effective 
in modifying the electrical characteristics of pure german¬ 
ium to produce the results observed by me. The metallic 
crystals of germanium of the above type and offered for 
sale by the Eagle-Picher Lead Company is one source of 
metallic germanium among which crystals may be found 
which, when incorporated in a device as above described 
will exhibit the electrical effects referred to above and 
described in greater detail hereinafter. 

An alternate method of producing and finding satis¬ 
factory germanium crystals for the purpose of my inven¬ 
tion can be accomplished by reducing germanium dioxide 
with the known carbon reduction process to produce car¬ 
bon dioxide and what would generally be considered to be 
pure germanium. One example of such a reduction was 
to place a mixture of 30 grams of germanium dioxide and 
4.5 grams of sugar carbon in a porcelain crucible, fitted 
with a lid and heated to about 1000° C. in an electrically 
heated furnace in air for five hours. Other forms of sub¬ 
stantially pure carbon can be used, such as carbon 

10 black. In reducing germanium dioxide by this meth¬ 
od some of the metallic germanium crystals pro¬ 
duced will exhibit the effects with which I am here con¬ 
cerned. It is thought that the ostensibly pure germanium 
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as produced by means of the above process is caused to 
have exceedingly minute amounts of ionized impurities 
remaining due to (1) impurities in the germanium dioxide 
being reduced, or (2) the presence of impurities in the 
carbon material used in effecting the reduction of the ger¬ 
manium dioxide, or (3) impurities taken up from the 
atmosphere in which the preparation was carried out. 

It will be understood that not all impurities in ger¬ 
manium are suitable for practicing my invention, but 
that by following the above avenues a suitable number of 
satisfactory germanium crystals from the above sources 
may be found by the expedient of probing of the surfaces 
thereof with a whisker or electrode with a suitable source 
of potential between the crystal and electrode. As a fur¬ 
ther observation it is to be noted that the quantity of 
impurity is exceedingly small since the effects are found 
in germanium of supposedly pure character prepared by 
refining or reduction processes intended to produce the 
pure substance. 

Referring now’ to Figure 2, I have illustrated typical 
characteristic curves of the device of Figure 1. The curve 
indicated by the reference numeral 14 indicates the first 
observation made by me on a sample of germanium identi¬ 
fied as 1EP and it will be observed from the curve that a 
high resistance prevailed at a back voltage of the 
11 order of 10 volts. The voltage of the test equip¬ 
ment in this initial test was limited to about 10 
volts and hence the curve 14 is incomplete. However, upon 
further experimental work with equipment of greater volt¬ 
age range, points of contact on another germanium semi¬ 
conductor, identified as 9Ha, were tested and found to 
have the characteristics shown by curves 15, 16, and 17, 
as examples. It will be observed that the point of con¬ 
tact of the whisker with the semi-conductor, represented 
by the characteristic curve 16, exhibits a back peak voltage 
of over 40 volts, and that at currents above the current 
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at this back peak voltage a region of negative resistance 
appears in which a decrease in the voltage across the rec¬ 
tifying contact accompanies the increase in current. At¬ 
tention is also called to the portion of the curve illustrat¬ 
ing the low resistance with appreciable current flow at 
low voltage in the low resistance direction of current flow 
through the semi-conductor. 

Curves 15 and 17 illustrate other points on the sample 
designated 9Ha which have peak voltages of about 9 and 
17 volts respectively. Furthermore, using the equipment 
above described, additional tests on the first mentioned 
germanium sample 1EP showed that voltage peaks of the 
order of 25 volts in the back direction could be obtained 
with some points of contact before onset of the same 
type of negative resistance region illustrated in curves 
15, 16, and 17 for sample 9Ha. 

Further points may be found on germanium crystals 
of the character hereinabove referred to, to provide the 
characteristics illustrated by curve 18 of Figure 2. Here 
it will he observed that the negative resistance in the 
high resistance direction of current flow occurs at about 
a hack peak voltage of about 5 volts. Thus, points 
12 may be found on germanium semi-conductors herein 
concerned in which the negative resistance appears 
at points of back peak voltages from about 5 volts to 
over 40 volts. 

It will thus be apparent that my new electrical device 
has use as a high back voltage rectifier, or by utilizing the 
negative resistance characteristic the device has utility, 
for example, as an oscillator. It is believed that it will 
be readily apparent that by the connection of the leads 
9 and 10 with a source of alternating current that the 
device has utility in a circuit in which rectification of cur¬ 
rent is desired. In Figure 3 I have shown the device em¬ 
bodied in a typical simple circuit for use as an oscillator 
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in which the circuit comprises in addition to the device 
19, a voltage supply 20, a condenser 21, an inductance 22, 
and a stabilizing resistance 23. 

In my original observation the several germanium crys¬ 
tals found to have the properties with which I am herein 
concerned were what is known in the art as N-type semi¬ 
conductors. In such N-type semi-conductors a high re¬ 
sistance to current flow is presented w’hen the semi-con¬ 
ductor is positive and the contacting metal electrode or 
whisker is negative, and a lower resistance w T hen the po¬ 
tentials are reversed. Upon my discovery of the unusual 
electrical effects described, further work was conducted to 
determine by controlled melts the compositions of ger¬ 
manium which would give the above effects. In this con¬ 
nection reference may be had to the copending application 
of Karl Lark-Horovitz and Randall M. Whaley, Serial 
No. 604,744, filed July 13, 1945 for Alloys and Rec- 
13 tifiers Made Therefrom in w’hich the procedure there 
followed was to begin with pure germanium and 
then by adding various impurities such as other elements 
or combinations of other elements in relatively small 
amounts to produce high back voltage rectifiers. 

In constructing the device of Figure 1 it is of advan¬ 
tage to etch the surface of the semi-conductor to facilitate 
the finding of points of contact thereon giving the char¬ 
acteristics noted. Etching of the surface may be accom¬ 
plished by known etching processes, for example with hot 
H;0 2 , or may be accomplished with the etching processes 
of the above referred to application. Also satisfactory 
surfaces may be accomplished by breaking open of a suit¬ 
able germanium crystal. In the preferred practice of my 
invention a surface provided by one of the above methods 
improves and facilitates the making of the devices. 

It is believed that the above characteristics are due to 
the ionization of the minute amount of impurity or im¬ 
purities in the germanium but it will be understood that 
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such characteristics may be due to other effects that the 
impurity or impurities may occasion in the germanium. It 
may, for example, be due to change in the lattice structure 
of the germanium. It will be understood therefore that 
in defining the germanium as containing minute amounts 
of ionized impurities it is for purposes of expediency 
since it may be found that the impurities in the germanium 
are effective in some other manner to provide the char¬ 
acteristics which I have discovered. 

Also it will be understood that the device of Figure 1 
could comprise more than one electrode in contact with 
points on the surface thereof and connected in suit- 

14 able circuit arrangements to multiply the forward 
currents or otherwise arranged in circuit to provide 

the high voltage and negative resistance characteristic in 
either direction. Also, a number of the devices may be 
connected in series to provide better ability to withstand 
back voltage. 

It will be understood therefore that my present inven¬ 
tion may comprise other arrangements of the elements 
thereof and that it is not limited to the preferred embodi¬ 
ments thereof herein disclosed. 

I claim: 

15 1. An electrical device comprising a semi-con¬ 
ductor consisting of a body of substantially pure 

metallic appearing germanium having minute amounts of 
ionized impurities therein, and a metallic conductor of 
good electrical conductivity in contact with a point on 
the surface of the body selected to provide the property 
that the current voltage characteristic in the back or high 
resistance direction exhibits, a voltage peak followed by a 
negative resistance at currents greater than the current 
at the voltage peak. 

2. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic appear¬ 
ing germanium having minute amounts of ionized impuri- 
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ties therein, and a metallic conductor of good electrical 
conductivity in contact with a point on the surface of the 
body selected to provide the property that relatively high 
currents are obtained at low voltages of the order of 1 
or 2 volts in the forward or low resistance direction of 
current flow through the device, as compared to the low 
currents obtained in the high resistance direction at volt¬ 
ages as high as 5 volts or more. 

3. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic appear¬ 
ing germanium having minute amounts of ionized impuri¬ 
ties therein, and a metallic conductor of good electrical 
conductivity in contact with a point on the surface of the 
body selected to provide the property that the voltage 
peak in the high resistance direction occurs at a voltage 
of 5 volts or more and is followed, at currents higher than 
the current at the voltage peak by a negative resist¬ 
ance. 

16 4. An electrical device comprising a semi-con¬ 

ductor consisting of a body of substantially pure 
metallic appearing germanium having minute amounts of 
ionized impurities therein, and a metallic conductor of 
good electrical conductivity in contact with a point on the 
surface of the body selected to provide the property that 
the voltage peak in the high resistance direction occurs at 
a voltage of between approximately 5 and 40 volts, fol¬ 
lowed by a region of negative resistance at currents 
greater than the current at the voltage peak. 

5. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic appear¬ 
ing germanium having minute amounts of ionized im¬ 
purities therein, and a metallic conductor of good elec¬ 
trical conductivity adapted to have contact with selected 
points on the surface of said semi-conductor to provide the 
property that relatively high currents are obtained at low 
voltages of the order of 1 or 2 volts in the forward or 



low resistance direction the resistance in this direction 
being of the order of 20 to 200 ohms, while in the high 
resistance or back direction low currents are obtained up 
to voltages of at least 5 volts and for some points of con¬ 
tact at voltages as high as the order of 40 volts. 

17 6. An electrical device comprising a semi-con¬ 

ductor consisting of a body of substantially pure 
metallic appearing germanium having minute amounts of 
ionized impurities therein, and a metallic conductor of 
good electrical conductivity adapted to have contact with 
selected points on the surface of said semi-conductor to 
provide the property that relatively high currents are ob¬ 
tained at low voltages of the order of 1 or 2 volts in the 
forward or low resistance direction of current flow 
through the device the resistance in this direction being 
of the order of 20 to 200 ohms, while in the back or high 
resistance direction of current flow, the device is capable 
of sustaining voltages of at least 5 volts, or more depend¬ 
ing upon the particular contact, without damage to the 
device. 

7. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic ap¬ 
pearing germanium having minute amounts of ionized im¬ 
purities therein, and a metallic conductor of good electrical 
conductivity adapted to have contact with selected points 
on the surface of said semi-conductor to provide the 
property that relatively high currents are obtained at low 
voltages of the order of 1 or 2 volts in the forward or 
low resistance direction of current flow through the de¬ 
vice, while in the back or high resistance direction the 
device is capable of sustaining voltages of at least 5 volts 
and as high as order of 40 volts, depending upon contact 
point selected, without damage to the device. 

IS 8. An electrical device comprising a semi-con¬ 
ductor consisting of a body of substantially pure 
metallic appearing germanium having minute amounts of 
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ionized impurities therein, and a metallic conductor of 
good electrical conductivity adapted to have contact with 
selected points on the surface of said semi-conductor to 
provide the property that when the potential upon the 
semi-conductor is positive and the potential upon the con¬ 
ductor is negative the current voltage characteristic ex¬ 
hibits a voltage peak followed by a negative resistance at 
currents greater than the current at the voltage peak. 

9. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic ap¬ 
pearing germanium having minute amounts of ionized 
impurities therein, and a metallic conductor of good elec¬ 
trical conductivity in contact with a point on the surface 
of the body selected to provide the property that when the 
potential upon the semi-conductor is negative and the po¬ 
tential upon the conductor is positive relatively high cur¬ 
rents are obtained at low voltages of the order of 1 or 
2 volts of current flow through the device as compared to 
low currents obtained with the potentials reversed on said 
semi-conductor and said conductor at voltages as high as 
5 volts or more. 

19 10. An electrical device comprising a semi-con¬ 

ductor consisting of a body of substantially pure 
metallic appearing germanium having minute amounts 
of ionized impurities therein, and a metallic conductor of 
good electrical conductivity in contact with a point on 
the surface of the body selected to provide the property 
that when the potential upon the semi-conductor is posi¬ 
tive and the potential upon the conductor is negative a 
voltage peak occurs at a voltage of 5 volts or more and is 
followed at currents higher than the currents at the volt¬ 
age peak by a negative resistance. 

11. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic ap¬ 
pearing germanium having minute amounts of ionized im- 
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purities therein, and a metallic conductor of good electrical 
conductivity in contact with a point on the surface of the 
body selected to provide the property that when the po¬ 
tential upon the semi-conductor is positive and the poten¬ 
tial upon the conductor is negative a voltage peak occurs 
at a voltage of between approximately 5 and 40 volts 
followed by a region of negative resistance at currents 
greater than the current at the voltage peak. 

12. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic appear¬ 
ing germanium having minute amounts of ionized impuri¬ 
ties therein, and a metallic conductor of good electrical 
conductivity adapted to have contact with selected points 
on the surface of said semi-conductor to provide the prop¬ 
erty that when the potential upon the semi-conductor is 
negative and the potential upon the conductor is positive 

relatively high currents are obtained at low volt- 
20 ages of the order of 1 or 2 volts, the resistance in 

this direction of current flow being of the order 
of 20 to 200 ohms, as compared to low currents with the 
potentials upon said semi-conductor and said conductor 
reversed and with voltages of at least 5 volts and for 
some points of contact as high as the order of 40 volts. 

13. An electrical device comprising a semi-conductor 
consisting of a body of substantially pure metallic appear¬ 
ing germanium having minute amounts of ionized im¬ 
purities therein, and a metallic conductor of good elec¬ 
trical conductivity adapted to have contact with selected 
points on the surface of said semi-conductor to provide 
the property that when the potential upon the semi-con¬ 
ductor is negative and the potential upon the conductor is 
positive relatively high currents are obtained at low volt¬ 
ages of the order of 1 or 2 volts, the resistance in this 
direction of current flow being of the order of 20 to 200 
ohms, and with the potentials upon said semi-conductor 
and said conductor reversed the device is capable of sus- 
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taining voltages of at least 5 volts or more depending upon 
the selected contact without damage to the device. 

21 14. An electrical device comprising a semi-con¬ 

ductor consisting of a body of substantially pure 
metallic appearing germanium having minute amounts of 
ionized impurities therein, and a metallic conductor of 
good electrical conductivity adapted to have contact with 
selected points on the surface of said semi-conductor to 
provide the property that when the potential upon the 
semi-conductor is negative and the potential upon the 
conductor is positive relatively high currents are obtained 
at low voltages of the order of 1 or 2 volts, and with the 
potentials upon said semi-conductor and said conductor 
reversed the device is capable of sustaining voltages of at 
least 5 volts and as high as the order of 40 volts depend¬ 
ing upon the selected contact point without damage to the 
device. 

IN WITNESS WHEREOF, I hereunto subscribe my 
name this 21st day of January, 1946. 

/s/ Seymour Benzer 
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22 OATH 

STATE OF ILLINOIS) 

) SS 

COUNTY OF COOK ) 

SEYMOUR BENZER, the above named petitioner, be¬ 
ing duly sworn, deposes and says that he is a citizen of 
the United States and resident of West Lafayette, in the 
County of Tippecanoe, and State of Indiana, and that he 
verily believes himself to be the original, first and sole 
inventor of the improvement in ELECTRICAL DEVICES 
(Case 2), described and claimed in the annexed specifica¬ 
tion; that he does not know and does not believe that the 
same was ever known or used before his invention or 
discovery thereof; or patented or described in any printed 
publication in the United States of America or any for¬ 
eign country before his invention or discovery thereof, or 
more than one year prior to this application; or in public 
use or on sale in the United States for more than one 
year prior to this application; that said invention has not 
been patented in any country foreign to the United States 
on an application filed by him or his legal representatives 
or assigns more than twelve months prior to this applica¬ 
tion; and that no application for patent on said improve¬ 
ment has been filed by him or his representatives or as¬ 
signs in any country foreign to the United States. 

/s/ Seymour Benzer 


Subscribed and sworn to before me this 21 day of 
January, 1946. 


/s/ Charles B. Grammer 
Notary Public 


• • • • 
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IN THE UNITED STATES PATENT OFFICE 
APPLICATION OF: SEYMOUR BENZER 
FOR: ELECTRICAL DEVICES 

Serial No. 642,960 
filed: January 23, 1946 

New York 20, N. Y., May 23, 1946 
HON. COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

Power To Inspect and Make Copies 

SIR: 

Please permit Young, Emery & Thompson, Bond Build¬ 
ing, New York Avenue and 14th Street, North West, 
Washington, D. C. 

to inspect the file of the subject application and to make 
copies thereof and to obtain such certified copies thereof 
as are requested by them for foreign filing purposes. 

Respectfully submitted, 

/s/ Brown, Jackson, Boettcher, Dienner 
May 24/1946 Attorneys for Seymour Benzer 

SBS :AP 

Approved Jun 18 1946 /s/ T. A. Coulter, Ass’t Chief 
Manuscript Div. 

25 Div. 10 Room 6616 HBB/cbp Paper No. 4 
Address only The Commissioner of Patents, and not any 
official by name. 

All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 25, D. C. 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 
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/s/ Casper W. Ooms 
Commissioner of Patents. 

Brown, Jackson, Boettcher and Dienner 
53 West Jackson Blvd. 

Chicago, Illinois 

Ser. No. 642,960 
Filed Jan. 23, 1946 
For ELECTRICAL DEVICES 
failed Mar 20 1947 

This application has been examined. Reference made of 
record: Merritt—Proceedings Natl. Academy of Sciences 
Vol. 11 1925 pp. 743-748 250-31 

The oath is informal since the seal has been omitted. 
A new oath is required, identifying this application by 
serial number and filing date in the body thereof. 

The claims in this case are 1-14. 

Claims 1-14 are rejected as functional and lacking pat¬ 
entable novelty. The germanium in this application is a 
known element to which a known use is being applied. 
Certainly it does not require invention to discover the 
properties of an element that is in manufacture. Merritt 
shows that such rectifiers exhibit certain properties al¬ 
though he did not carry his experiments to the range 
that the present applicant does, there is sufficient sug¬ 
gestion in Merritt that such properties may be determined 
in a known manner. Thus anyone skilled in the art would 
be able to conduct such experiments and plot similar 
curves to those in the present application. Furthermore 
the claims are indefinite in that the “point” is not selected 
“to provide the property that”. 

26 It is evident that the applicant did not discover 
a new alloy, there being numerous references to the 
metal as a product of a manufacturer and therefore the 
applicant would not be allowed protection by a patent of 
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another’s invention. Revised Statutes Section 4886 al¬ 
lows a patent to be obtained by a person who has dis¬ 
covered a new and useful art, machine, manufacture or 
composition of matter. The disclosure can hardly be 
classified thus, since (1) there is no method or series of 
acts performed upon a subject matter, (2) it is obvious 
there is no machine, (3) manufacture is perhaps a closer 
approximation but the method must have novelty to be 
patentable as well as being a known manufacture which 
the public will be able to carry out, in re Decker 1911 
C. D. 274, 162 0. G. 999, 36 App. D. C. 104 (4) the speci¬ 
fication does not disclose that germanium is a composition 
of matter, since it is an element. 

/s/ L. M. Andrews 
Examiner. 

27 U. S. Patent Office May 13 1947 Division 10 

IN THE UNITED STATES PATENT OFFICE 

APPLICATION OF: SEYMOUR BENZER 

FOR: ELECTRICAL DEVICES 

SERIAL NO. 642,960 FILED: JAN. 23, 1946 

DIVISION: 10 ROOM: 6616 

LAST OFFICE ACTION: MARCH 20, 1947 

HON. COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

SIR: 


Appointment of Associate Attorney 

Please recognize Samuel B. Smith (Registered No. 
12449), whose post-office address is care of Radio Cor¬ 
poration of America, 30 Rockefeller Plaza, New York 20, 
New York, as our associate attorney, with full power to 
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prosecute this application, to make alterations and amend¬ 
ments therein, to sign the drawings and to transact all 
business in the Patent Office connected therewith and ad¬ 
dress all further communications to the said Samuel B. 
Smith at the address hereinabove given. 

Signed at Chicago, County of Cook, State of Illinois, 
this 7 day of May, 1947. 

/s/ Brown, Jackson, Boettcher & Dienner 
Brown, Jackson, Boettcher & Dienner 
Attorneys for Seymour Benzer 

SBS :AP 

28 Mail Division Sep 18 1947 U. S. Patent Office 
U. S. Patent Office Sep 23 1947 Division 10 

Affidavit 

STATE OF MISSOURI) 

) SS.: 

COUNTY OF JASPER) 

I Harold R. Harner, being duly sworn, depose and say 
as follows: 

I am a citizen of the United States, residing at 112 West 
“A” Street, in the City of Joplin, County of Jasper, and 
State of Missouri. I am employed by The Eagle-Picher 
Company of Joplin, Missouri as Chief Chemist. In the 
course of my employment, I am completely familiar with 
the form of germanium sold to Purdue Research Founda¬ 
tion, Purdue University, Lafayette, Indiana, for its work. 
The germanium so sold was of the commercial form which 
could be obtained from this Company by anyone request¬ 
ing germanium of the highest purity sold by this Company. 
The germanium so furnished to the Purdue Research 
Foundation at Purdue University, Lafayette, Indiana, was 
of a purity approaching 100% and certainly of a purity 
of at least 99%. Spectrographic analysis of the german¬ 
ium sold either failed to indicate any impurities at all or 
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at most disclosed only minute traces of impurities. Such 
minor impurities as were present which would be present 
in any commercially sold product are believed to be less 
than 1%. 

/s/ Harold R. Harner 

Sworn to and subscribed before me this 11th day of Sep¬ 
tember, 1947. 

/s/ Frances Sallee 
Notary Public 

My commission expires December 23, 1950. 

29 U. S. Patent Office Sep 23 1947 Division 10 

Affidavit 

STATE OF INDIANA ) 

) SS.: 

COUNTY OF TIPPECANOE) 

I, Randall M. Whaley, being duly sworn, depose and 
say as follows: 

I am a citizen of the United States, residing at 315 
West Stadium Avenue, in the City of West Lafayette, 
County of Tippecanoe, and State of Indiana. I am em¬ 
ployed on the staff of Purdue University and am a Pro¬ 
fessor of Physics of the Department of Physics of the 
said Purdue University at Lafayette, Indiana and have 
been so employed since prior to the filing date of United 
States Patent Application, Serial No. 642,960, of Sey¬ 
mour Benzer on January 23, 1946. In the course of my 
employment on the staff of Purdue University and par¬ 
ticularly the Physics Department for said University and 
while working on projects for the Purdue Research Foun¬ 
dation, I became completely familiar with the form of 
germanium purchased by Purdue University from the 
Eagle-Picher Company of Joplin, Missouri. Purchases of 
germanium from Eagle-Picher Company were made in 
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connection with work done on germanium alloy crystals. 
The said germanium so purchased was of a commercial 
variety obtained after consultation with the Research 
group of the said Eagle-Picher Company. It had a purity 
approaching 100% and is believed to be in excess of 
99% pure. The product is commercially available. Spec- 
trographic analysis made of the material failed substan¬ 
tially to disclose any impurities at all or at the most only 
minute traces of impurities. Utilizing germanium of this 
order of purity various compound alloys and/or 

30 mixtures were prepared and worked with in the 
laboratories of the Purdue Research Foundation. 

Germanium of this character was used in connection with 
the experimentation resulting from the invention made 
by Seymour Benzer and described in the aforesaid patent 
application, Serial No. 642,960, filed January 23, 1946, and 
is the material described and mentioned in the specifica¬ 
tion of said Benzer patent application on pages 8 and 9 
by way of example. 

/s/ R. M. Whaley 

Sworn to and subscribed before me this 17th day of 
Sept., 1947. 

/s/ Eleonore Soupart 
Notary Public 

My Commission expires February 20, 1950. 

• • • • 

31 New York 20, New York 

September 15, 1947 

HON. COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

SIR: 

Attached hereto is new affidavit required by the first 
paragraph of the Examiner’s action of March 20, 1947 
in the subject application. 
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Respectfully submitted, 
SEYMOUR BENZER 

By /s/ Samuel B. Smith 
Attorney 

SBS-.AP 

Att. 

32 Form 234 D-25887 

Mail Division Sep 18 1947 U. S. Patent Office 
U. S. Patent Office Sep 23 1947 Division 10 

STATE OF INDIANA ) 

) SS.: 

COUNTY OF TIPPECANOE) 

SEYMOUR BENZER the above named petitioner, be¬ 
ing duly sworn, deposes and says that he is a citizen of 
the United States and resident of West Lafayette in the 
County of Tippecanoe, State of Indiana and that he verily 
believes himself to be the original, first, and sole inventor 
of the improvements in ELECTRICAL DEVICES de¬ 
scribed and claimed in U. S. application Serial No. 642,960, 
filed January 23, 1946; that he does not know and does 
not believe that the same were ever known or used before 
his invention or discovery thereof; or patented or de¬ 
scribed in any printed publication in any country before 
his invention or discovery thereof, or more than one year 
prior to this application; or patented in any country 
foreign to the United States on an application filed by 
himself or his legal representatives or assigns more than 
twelve months prior to this application; or in public use 
or on sale in the United States for more than one year 
prior to this application; and that no application for pat¬ 
ent on said improvements has been filed by him or his 
representatives or assigns in any country foreign to the 
United States, prior to January 23, 1946. 

/s/ Seymour Benzer 
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Sworn to and subscribed before me this 12 day of Sep¬ 
tember, 1947. 

/s/ Mary Grace Gagen 
Notary Public 

My Commission Expires July 16, 1949. 

• • • • 

33 U. S. Patent Office Sep 23 1947 Division 10 

APPLICATION OF: SEYMOUR BENZER 
FOR: ELECTRICAL DEVICES 

SERIAL NO. 642,960 FILED: JAN. 23, 1946 

DIVISION: 10 ROOM: 6616 

LAST OFFICE ACTION: JJARCH 20, 1947 

New York 20, New York, September 15, 1947 

HON. COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

SIR: 

Cancel claims 1 through 14 and rewrite the subject 
matter thereof as follows: 

15. An electrical device comprising a body member 
formed of germanium of a purity in excess of 99% and 
having intermingled therewith minute amounts of ionized 
impurities, a contact element for establishing electrical 
contact with one surface area of the body, and a metallic 
conductor in electrical conductive contact with a point 
on the surface of the body such that the body exhibits 
electrical rectifier properties and the current-voltage char¬ 
acteristic in the back or high resistance direction exhibits 
a voltage peak followed by a negative resistance and cur¬ 
rents in excess of the current flow at the said voltage peak. 

16. The electrical device claimed in claim 23 wherein 
the current flow in the forward or low resistance direction 
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through the said device obtained at voltages of less than 
two volts is of a substantial order as compared to the 
current flow” in the high resistance direction at voltages 
of the order of 5 volts and in excess thereof. 

34 17. The device claimed in claim 15 wherein the 

voltage peak in the high resistance direction occurs 
at a voltage in excess of 5 volts. 

IS. The device claimed in claim 23 wherein the voltage 
peak in the high resistance direction occurs in the range 
between 5 and 40 volts. 

19. The electrical device claimed in claim 23 wherein 
the resistance in the forward or low resistance direction 
is of the order of between 20 and 200 ohms. 

20. An electrical device comprising a body of ger¬ 
manium having a purity in excess of 99% and having 
added thereto minute amounts of ionized impurities, elec¬ 
trical terminal means for establishing electrical contact 
with one surface area of the bodv, and a metallic conduc- 
tor positioned to contact a selected point on the other 
surface of said body such that by applying a potential 
w’hich is positive upon the body the potential upon the 
contacting conductor is negative and the current voltage 
characteristic of the device exhibits a voltage peak fol¬ 
lowed by a negative resistance at currents in excess of 
the current flow at the said voltage peak. 

21. An electrical device comprising a body of german¬ 
ium having a purity at least of the order of 99%, electrical 
terminal means for establishing electrical contact with one 
surface of the body, and a metallic conductor positioned 
in contact with a point on the surface of the body said 
point being selected to provide the property such that 
when the potential upon the body is negative the potential 
upon the conductor will be positive and the current flow 
through the body at voltages of the order of between 
1 and 2 volts is high as compared to the current flow w T hen 
the potentials on the body and the said electrical con- 
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ductor are reversed and the voltages applied are in excess 
of 10 volts. 

22. An electrical device comprising a body of german¬ 
ium having a purity in excess of 99%, the said body hav¬ 
ing an electrical terminal connection with a first surface 
thereof and an electrical conductor contacting one 
35 point of a second surface thereof said point being 
selected to provide the property such that when 
the potential applied to the body is negative the 
potential upon the contacted conductor is positive and 
current which flows at voltages of the order of between 
1 to 2 volts on the body is high and the resistance in this 
direction of current flow is of the order of 20 to 200 ohms 
as compared to relatively low current flow with the poten¬ 
tial upon the body reversed and the voltage applied to 
the body is in the range between 10 and 40 volts. 

Remarks 

The Examiner is most respectfully requested to re¬ 
consider his rejection of this application in the light of 
the foregoing amendment and the resubmitted claims. 
The amendment makes an attempt to present the subject 
matter of the invention in a form in which the novelty is 
made clearly apparent through the submission of new 
claims. 

The Examiner in charge of the application recently 
granted an interview to discuss the subject application 
with the associate attorney and with Dr. Randall M. 
Whaley of the Research Staff of the Purdue Research 
Foundation, assignee of the subject application. At the 
time of the said interview (which applicant greatly ap¬ 
preciated) it was pointed out that the applicant, Benzer, 
worked with germanium of a particular character which 
he clearly set forth on pages 8 and 9 of the filed specifi¬ 
cation. For instance, this germanium was characterized 
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as having been a then commercially available form ob¬ 
tained from the Eagle-Picher Company of Joplin, Mis¬ 
souri on or about June 6, 1942. Accompanying this 
amendment is an affidavit signed by Harold R. Harner 
who is Chief Chemist of the Eagle-Picher Company. The 
said affidavit points out that the germanium sold to Pur¬ 
due Research Foundation was of commercial form which 
could be obtained from the Eagle-Picher Company by 
anyone. The said germanium was of a form in which the 
purity approached 100% and definitely was in excess of 
99% pure. The germanium had been fully and 
36 completely analyzed spectrographically, as well as 
chemically, and this analysis failed to indicate any 
impurities at all for the most part or where any impuri¬ 
ties were indicated there were only minute traces which 
made certain the fact that these impurities were less than 
1 %. 

This type of germanium was developed only after con¬ 
siderable work on applicant’s part and it was only when 
this kind of germanium was used that the characteristics 
of this invention first became realized. The prior art as 
known at the time of applicant’s work and as of the time 
when applicant purchased germanium from the Eagle- 
Picher Company was such that rectifiers had been formed 
of semi-conductor elements of crystals and made from 
galena, silicon, iron pyrites and even a few other ma¬ 
terials, including germanium, but none of these rectifiers 
were capable of withstanding in continuous use voltages 
in the high resistance direction which were greater than 
a few volts without bringing about injury or even complete 
destruction of the rectifier. Then, too, up until the time of 
applicant’s discovery and at the time when applicant used 
germanium rectifiers of the degree of purity set forth no 
rectifiers were known which passed sufficient current in 
the low resistance direction for satisfactory operation of 
associated apparatus. At the same time no rectifier of the 
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crystal type using germanium had a resistance in the high 
resistance direction which was of a sufficient value to make 
possible the use of the rectifier in high impedance circuits, 
that is, in those circuits of over 7,000 ohms. 

Rectifiers of the type developed by applicant have the 
desired high current property in the forward or low 
resistance direction and the high resistance property in 
the back direction. Those of the cited publication do not. 
At the same time applicant’s rectifiers have met the burn¬ 
out tests such that a point contact rectifier type of device 
has been developed which is usable in many, many ways 
not heretofore possible with previously known type 
37 of rectifiers which were only of any recognized mer¬ 
it when used as the mixer type unit. 

In the light of the foregoing the thought was presented 
to the Examiner at the time of the interview that appli¬ 
cant had made a very substantial contribution to the Art 
Applicant has provided a new type of rectifier which 
actually is able to withstand without injury or physical 
impairment high voltage in the back or high resistance 
direction. The magnitude of such voltages may be de¬ 
termined to some extent by the point of contact selected. 
At the same time applicant’s rectifier is such that in the 
forward direction low resistances and high currents are 
always obtained. The device herein disclosed and claimed 
has frequency characteristics such that it is usable up to 
60 me., or even higher frequencies, and it has still been 
found to provide rectification at 3,000 me. In addition, 
the device has a low capacity and the back voltage re¬ 
sistance does not decrease appreciably with increases in 
temperature. 

It is indeed true that such articles as that of Merritt 
in the “Proceedings of the National Academy of Science” 
in 1925, entitled “On Contact Rectification by Metallic 
Germanium”, have indicated that germanium might be 
used as a rectifier but, on the other hand, Merritt never 
discovered or disclosed the fact that germanium when 
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sufficiently pure would provide a contact type rectifier 
which would be free from burn-out difficulties and in 
which very high resistances in the back direction would 
be provided and, yet, if the current increased, the re¬ 
sistance would also decrease (as shown by applicant’s 
curve of Fig. 2) to a point where the crystal would not 
be destroyed. In any showing of Merritt the curves make 
very clear the fact that in the back direction the current 
value keeps increasing very rapidly and, consequently, 
with increases in voltage there are increases in currents 
such that the crystal will not stand high voltages and the 
unit disclosed by Merritt would be self-destructive. 

38 Surely, the Examiner cannot reasonably cite and 
rely upon such prior art as the Merritt article for 
a showing of a rectifier form of germanium of a certain 
predetermined degree of purity because there is not found 
in the Merritt citation any suggestion of such a condition 
of operation. If Merritt had known of the features ap¬ 
plicant discloses and claims he surely would have de¬ 
scribed them for by doing so a usable device would be set 
forth as compared with something of questionable utility. 

It is, therefore, firmly believed that the rejection of the 
claims of this application as lacking patentable novelty 
is not warranted. Certainly, no showing by Merritt, or 
anyone else for that matter, suggests or indicates the type 
of rectifier which applicant has developed. It is believed 
that applicant did discover the new alloy which serves to 
provide results not heretofore suspected, contemplated or 
attained. Consequently, it is submitted that when appli¬ 
cant characterizes his invention by the degree of purity 
of the germanium it is an apt, reasonable and proper way 
in which to proceed to define the invention, as well as a 
definition of the invention in a form contemplated both by 
the Statutes and accepted Patent Office practice. 

As an example of the approach which the applicant has 
taken in the present claims to define the invention atten- 
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tion of the Examiner is called to the form of claim found 
in the Ohl Patent No. 2,402,661, dated June 25, 1946, 
which is found in the examining division in which this 
application is being prosecuted. In the case of the Ohl 
patent the rectifier was formed of silicon and it had a 
certain degree of purity. The rectifier of Ohl would be 
particularly useful as a mixer. The Ohl rectifier was de¬ 
fined as silicon having a purity in excess of 99% and with 
this other characteristics were set forth. The same gen¬ 
eral form of claim has been followed in presenting this 
invention in the newly revised claims 15 to 22 here- 
39 with submitted. That, of itself, should support ap¬ 
plicant’s statement as to the propriety of the man¬ 
ner of claiming the invention. 

The Examiner at the time of the interview indicated to 
applicant’s attorney and to the representative of the 
Purdue Research Foundation who had been particularly 
familiar with the substance of this application and who 
had filed jointly the second application referred to at the 
bottom of page 12 of this specification that he would con¬ 
sider favorably claims of the general type of those now 
submitted. 

It is indeed true that the specification originally pre¬ 
sented did not characterize the germanium as being of 
any particular degree of purity but the specification did 
definitely characterize the invention as having been prac¬ 
ticed with the use of that type of germanium which was 
“substantially pure” and then was stated to have been 
obtained from the Eagle-Picher Company. The affidavit of 
the Chief Chemist of the Eagle-Picher Company as to 
the particular characteristic of that germanium makes 
self-evident the fact that applicant has met all Patent 
Office requirements for an adequate and complete defini¬ 
tion of the characteristics of the germanium used to an 
extent that such claims of the type presented can and 
should be allowed. 
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Thus, it is believed that applicant has met by this 
amendment not only the requirements contained in the 
last paragraph of the Examiner’s action of March 20, 
1947 but also has fully overcome the Examiner’s objection 
as to the propriety of submitting claims defining the 
invention which is set forth in such a way as to be clearly 
within the scope of the statutes. Under the circumstances, 
the Examiner is most respectfully requested favorably to 
reconsider his rejection and to find each newly submitted 
claim allowable. 

Attached to this amendment are the affidavits of Mr. 
Harold R. Hamer of the Eagle-Picher Company and 
Dr. Randall M. Whaley of the Purdue Research 

40 Foundation -which will be helpful to the Examiner 
in his analysis of the subject matter. The affidavits 

are believed to comply fully with any possible require¬ 
ments of the Examiner and of the statutes as well. 

Favorable consideration and allowance of the applica¬ 
tion in its now submitted form are earnestly solicited. 

Respectfully submitted, 

SEYMOUR BENZER 
By /s/ Samuel B. Smith 
Attorney 

SBS :AP 

41 Mailed Jun 24 1948 G :jp Paper No. 9 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Address only the Commissioner of Patents, Washington 
25, D. C. 

All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 
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Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ Lawrence €. Kingsland 
Commissioner of Patents. 

Brown, Jackson, Boettcher & Dienner 
53 West Jackson Blvd. 

Chicago, Ill. 

Division: 48, Room 6887 
Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed Jan. 23, 1946 

For ELECTRICAL DEVICES 

Responsive to amendment filed September 18, 1947. 

Careful examination of the application fails to deter¬ 
mine a basis upon which a patent may be supported. As 
understood the applicant’s contribution consists in select¬ 
ing from an unlimited field of germanium samples, those 
particularly suited for a given purpose, that is, ones hav¬ 
ing desired characteristics. It does not appear that the 
applicant has in any way brought into being anything 
which was not already in existence. Even the technique 
of selection of the ultimate elements does not appear to 
form any part of the applicant’s contribution. Apparent¬ 
ly orthodox techniques are employed. That better recti¬ 
fiers have been disclosed by the applicant’s approach to 
the problem is not here questioned, but the difficulty re¬ 
sides in a recognition of a statutory classification of the 
contribution upon which patentability may rest. 

In the Ohl patent, cited by the applicant, it is pointed 
out that the claims therein are directed to a dual zonal 
silicon element which was actually brought into being by 
an art process. The instant applicant, on the other hand, 
employs structures already in existance. 

It is necessary, accordingly, to reject the claims as 
lacking invention. 
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42 Claims 16, 17, 18, 19, 21 and 22, additionally are 
rejected as functional. Irrespective of the patenta¬ 
bility of claims 15 and 20, the other claims are attempting 
to define the device purely in terms of certain functional 
qualities. 

/s/ S. Bernstein 
Examiner 

43 Mail Division Dec 17 1948 U. S. Patent Office 

Paper No. 10 

U. S. Patent Office Received Dec 21 1948 Division 48 

IN THE UNITED STATES PATENT OFFICE 

APPLICATION OF: SEYMOUR BENZER 

FOR: ELECTRICAL DEVICES 

SERIAL NO. 642,960 FILED: JAN. 23, 1946 

DIVISION: 48 ROOM: 6887 

LAST OFFICE ACTION: JUNE 24, 1948 

New York 20, New York, December 15, 1948 

HON. COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

SIR: 

In reply to the Examiner’s action of June 24, 1948, 
applicant most respectfully requests reconsideration of 
the rejection of claims 15 through 22, inclusive. 

Counsel, together with Dr. Randall M. Whaley of the 
Department of Physics of Purdue University, has recently 
interviewed the Examiner to discuss the substance of this 
application. At the time of the interview it was pointed 
out to the Examiner that the claimed invention is clearly 
not found in the art cited or known and is one of high 
order and of a truly fundamental and basic nature. The 
result achieved by applicant through the purification of 
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germanium as used in the point rectifier is surely not ex¬ 
pected. Section 4886 R.S. reads, in part:—“Any person 
who has invented or discovered any new and useful art, 
Machine, manufacture or composition of matter or any 
new and useful improvements thereof—” (emphasis sup¬ 
plied) is entitled to a patent, provided, of course, the in¬ 
vention or discovery was not known or used by others 
prior to his invention or discovery thereof or patented 
and so forth, all as clearly set forth by this section 
44 of the statute. It is applicant’s belief that he defi¬ 
nitely has discovered a new type point contact de¬ 
vice of the semi-conductor variety which is indeed a radi¬ 
cal departure from what was known in the art at the time 
liis application was filed. 

At the time of filing his amendment dated September 
15, 1947 (actually filed September 18, 1947), applicant had 
been considering a group of patents of Ohl. Applicant 
inadvertently referred the Examiner (concerning the com¬ 
ment made on page 6 of the stated amendment) to Ohl 
Patent No. 2,402,661. Applicant apologizes for this inad¬ 
vertent reference because he should have directed the Ex¬ 
aminer’s attention to Ohl Patent No. 2,402,839. The men¬ 
tioned Ohl Patent No. 2,402,661 is not a point contact type 
of device as can at once be learned from a notation of the 
text of the specification at column 3, line 55 et seq. The 
Ohl Patent No. 2,402,839, however, is a contact type of 
device and, thus, becomes clearly applicable insofar as 
the type of claim is concerned. 

It is in Ohl Patent No. 2,402,839 that one finds claims 
of the general form herein presented. Ohl, in Patent No. 
2,402,839, has claimed a translating device comprising the 
silicon body of the specified purity (“in excess of 99%”), 
together with the contacts attached thereto for making the 
device usable. 
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As the Examiner, of course, will readily appreciate 
from the diagrams shown particularly by Fig. 2 of the 
drawing filed with applicant’s specification the disclosed 
and claimed form of semi-conductor device functions in 
a manner which is different from that which was known 
in the art. If, for instance, one is to consider the type of 
germanium known prior to applicant’s invention or dis¬ 
covery he finds by taking recourse to the showing of 
Merritt in the “Proceedings of the National Academy of 
Science”, Vol. II, 1925, pages 743 to 748, that with voltage 
of the order of even two to four volts applied in the back 
direction the current through the device has built 
45 up to a relatively high value (a considerable num¬ 
ber of milliamperes). The curve describing the 
operation obtainable with the Merritt type of germanium 
is substantially like that shown by Fig. 12 of the Ohl Pat¬ 
ent No. 2,402,839 for a silicon type unit. By Figure 12, 
Ohl has shown what is stated to be the operation of the 
prior art devices which appears to be correct. It will be 
seen from the Ohl diagram (Fig. 12) that the current 
which flows with two volts in the back direction is of the 
order of 12 milliamperes. In Ohl’s Fig. 14 for the N-type 
rectifier it is apparent that a current of about 8 milliam¬ 
peres flows at 4 volts in the back direction. If the voltage 
is increased still further, it is, of course, immediately 
apparent that the crystal will literally burn itself out and 
become unusable. It was for reasons of this character 
that crystals heretofore in the art known could not be used 
where any considerable voltage in the back direction had 
to be withstood. It is here that applicant’s device has 
provided the solution to a problem not previously solved. 

For Ohl to describe and define his device he found it 
necessary to claim the component as one where the purity 
of the silicon was “in excess of 99%”. This obviously met 
with approval from the Patent Office. 




The germanium used by Merritt, as exemplified in the 
Merritt article above mentioned, was the highest purity 
that had been achieved, as far as can be determined. The 
characteristics obtainable with the Merrit crystal and the 
Ohl crystal of the N-type came very close to identical from 
the standpoint of current flow with changes in voltage in 
the back direction (note curves). It is believed that it 
follows, accordingly, that even a highly skilled worker in 
the art would suspect that further purification of the 
germanium, as provided by this applicant, would fail to 
produce a characteristic which was appreciably dif- 
46 ferent from that shown by either Ohl or Merritt. 

In applicant’s arrangement, as the Examiner can 
readily observe from an examination of the drawing filed 
for the N-type crystal, a highly marked change in the 
characteristic results. Applicant shows that very con¬ 
siderable voltages can be withstood by the crystal in the 
back direction while the current flowing is still held to a 
very minimum amount. With applicant’s device the rec¬ 
tifier properties are such that the current-voltage char¬ 
acteristic in the back direction exhibits a voltage peak 
followed by a negative resistance and increasing current. 
It can be seen that the curves, such as 16 in Fig. 2 of 
applicant’s disclosure, exemplify this condition. It de¬ 
fines what is new and definitely unexpected and unpredic¬ 
table in the light of the prior art teachings. It appears 
to represent invention of high order for with recourse to 
applicant’s invention one can be certain that with voltage 
increases in the back or high resistance direction the 
character of the crystal will be maintained. The crystal 
will not be destroyed, as would be the case with the ar¬ 
rangements and devices of the prior art. 

This radical difference in performance, stability and 
permanence of the crystal characteristic, which applicant 
has discovered to be due to the purity of the germanium 
used and due to the intermingled ionized impurities, is 
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definitely novel in the light of all known art. Applicant 
has produced a unit of a markedly different type from 
any heretofore known and his contribution, surely, must 
be held to be a discovery or invention of the variety which 
the statute intends to include with the definition of what 
would be found to be patentable. Applicant, as a man 
of science, feels confident that workers in the art even 
with the benefit of the teachings of both Merritt and Ohl 
before them would not in any sense be led to believe that 
such radical changes in the characteristics of the devices 
exhibited by Merritt and Ohl could be obtained in a point 
contact type device if the degree of purification set 
47 forth by applicant was attained. This view is es¬ 
tablished by the fact that the art itself taught that 
silicon crystal or semi-conductors of a purity in excess of 
99% provided a characteristic almost like that of Merritt 
so that even the most highly skilled workers could not ex¬ 
pect or predict that a very different characteristic would 
be had (as did applicant) with the change in purity of 
the basic element. 

The prior art surely does not suggest or show any in¬ 
terchangeability between silicon and germanium. This 
fact, of itself, also seems sufficient to support applicant’s 
contention for novelty when the characteristic is so ma¬ 
terially different from that found by Merritt. 

Applicant believes that these unobvious changes which 
have been made are the very essence of what properly con¬ 
stitutes an invention. 

Accordingly, the Examiner is most respectfully re¬ 
quested to reconsider his rejection of all of the claims. 

In the Examiner’s rejection, claims 15 and 20 were 
grouped together. Therefore, the foregoing comments 
may be regarded as particularly applicable to claims 15 
and 20, although naturally carrying over as well to each 
and every other claim of the application. The Examiner 
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has held claims 16 through 19 and 21 and 22 are func¬ 
tional. He has, nonetheless, indicated in his rejection 
what appears to be a decided doubt that claims 15 and 
20 have been properly rejected because of the implied 
wording in the second and third lines of page 2 of his 
Office Action. Applicant has considered in great detail 
the matter of whether or not any possible revisions could 
be made in claims 16 through 19 and 21 and 22 in the 
light of the Examiner’s rejection on functionality. How¬ 
ever, with these claims defining novel characteristics of 
the device; specifying definite voltage ranges and voltage 
peaks for its operation; and pointing out the resistance 
values and the like, it is believed that the indention 
48 has been characterized in terms which are in no 
way functional but, rather, definite, precise and 
clear as to the particular invention which applicant has 
made and presented. 

At the time of the interview hereinabove mentioned, ap¬ 
plicant’s counsel showed the Examiner several exhibits of 
the type of crystal or semi-conductor unit of the point 
contact type which were being defined in this application. 
He also discussed the matters which have herein been re¬ 
viewed and restated. It is believed each of claims 15 to 
22 define the true nature of the invention and when the 
arguments and reasons above recited are reviewed in the 
light of these claims the rejection will be found unwar¬ 
ranted. 

It is most respectfully submitted to the Examiner that 
this proposal by its very nature is definitely new, novel 
and patentable. Applicant has been the first, obviously, 
to discover that a very new and unexpected result is ob¬ 
tainable through the use of a point contact type of device 
of the character defined. As pointed out above, this is a 
discovery which, it is submitted, could not reasonably be 
foreseen. If the Examiner will refer, for instance to the 
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case of General Electric Co. v. Laco-Philips Co., 233 Fed. 
96, he will find ample reasons set out by the court to in¬ 
dicate that a case of this type is definitely patentable. In 
the rather recent case of Aeration Processes, Inc. v. Wal¬ 
ter Kidde & Company, Inc., et al in the District Court 
(Western District of New York) decided as recently as 
February of this year and recorded in 76 USPQ 455, the 
court at page 459 cited the herein mentioned General Elec¬ 
tric case with approval and said: 

“Chemistry is essentially an experimental science, and 
chemical prevision is as impossible a to-day, in spite of 
the accumulation of the great knowledge, as it was in 
former times.” 

This, it is submitted, certainly tends to support the 
views herein expressed that germanium having a 
49 purity in excess of 99% could not be substituted 
for silicon, even though silicon also had a purity 
in excess of 99%. Without the exercise of invention when 
the art as it existed at the time applicant made his inven¬ 
tion showed that the known germanium units had char¬ 
acteristics which almost duplicated those of silicon. 

It is also interesting to note the views of the court, as 
expressed in the above-mentioned Aeration Processes case, 
where the court refers at page 459 to the language of 
Justice Holmes in Minerals Separation v. Magma Co., 280 
U.S. 400 and 4 USPQ 148, and said: 

“There is no ‘of course’ as to what nature can do ex¬ 
cept as proved by observation and experiment.” 

It is believed that the trend in the law is surely in favor 
of applicant’s contentions and arguments. 

In the light of all that has been above stated, it is be¬ 
lieved that applicant has submitted adequate reasons to 
the Examiner as to why each claim herein presented for 
consideration is allowable. Applicant, therefore, most re- 
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spectfully urges the Examiner carefully to reconsider his 
rejection and to find this application in its present state 
to be allowable. 

Respectfully submitted, 

SEYMOUR BENZER 
By /s/ Samuel B. Smith 
Attorney 

SBS :AP 

50 Paper No. 11 RCA 25887 

Mail Division Jun 11 1949 TJ. S. Patent Office 

U. S. Patent Office Received Jun 15 1949 Div. 48 

IN THE UNITED STATES PATENT OFFICE 

In re application of SEYMOUR BENZER 
U. S. Serial No. 642,960 
Filed January 23, 1946 
Division 48—Room 6887 

ELECTRICAL DEVICES 

Revocation of Power of Associate Attorney, Appointment 
of Associate Attorney amd Associate Agent 

Hon. Commissioner of Patents, 

Washington 25, D. C. 

Sir: 

We hereby revoke the power of attorney granted to 
Samuel B. Smith (Registered No. 12,449) to prosecute 
the above entitled application. 

Please recognize Morris A. Rabkin (Registered No. 
12,764), whose post-office address is Patent Department, 
Radio Corporation of America, RCA Victor Division, Cam- 
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den, New Jersey, as our Associate Attorney, and William 
S. Hill (Registered No. 15,590), whose post-office address 
is also Patent Department, Radio Corporation of America, 
RCA Victor Division, Camden, New Jersey, as our Asso¬ 
ciate Agent, with full power to each to prosecute the above 
entitled application, to make alterations and amendments 
therein, to sign the drawings, and to transact all business 
in the Patent Office connected therewith. 

Please address all future communications to the said 
Morris A. Rabkin at the address above given. 

Signed at Chicago, County of Cook, State of Illinois, 
this 8th day of June, 1949. 

/s/ Brown, Jackson, Boettcher and Dienner 
Brown, Jackson, Boettcher and Dienner 
Attorneys for Seymour Benzer 

51 U. S. Patent Office Jun 20 1949 Mailed 

POL-90 Paper No. 12 

Address only the Commissioner of Patents 
Washington 25, D. C. 

All communications respecting this application should 
give the serial number of the filing, and name of the ap¬ 
plicant. 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ Lawrence C. Kingsland 
Commissioner of Patents. 
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Samuel B. Smith 
c/o Radio Corp. of America 
30 Rockefeller Plaza 
New York 20, N. Y. 

Division: 48, Room 6887 
Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed Jan. 23, 1946 

For ELECTRICAL DEVICES 

You are hereby informed that the associate power of 
attorney to Samuel B. Smith in the above-entitled case 
was revoked on June 11, 1949 by Brown, Jackson, Boett¬ 
cher and Dienner. 

/s/ Leo Quackenbush 

Actg. Examiner 

52 POL-90 Paper No. 13 

Adress only The Commissioner of Patents 
Washington 25, D. C. 

All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 

U. S. Patent Office Oct 27 1949 Mailed 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ Lawrence C. Kingsland 

Commissioner of Patents. 
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Morris A. Rabkin, Patent Dept. 

R.C.A. Victor Division 
Radio Corporation of America 
Camden, New Jersey 

Division: 48—Room 6887 
Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed January 23, 1946 

For ELECTRICAL DEVICES 

Responsive to the letter filed December 17, 1948. 
Reference made of Record: 

Ohl 2,402,839 June 25, 1946 175-366 uxr 

The substitution by the applicant in his arguments of 
Ohl patent 2,402,839 for Ohl patent 2,402,661 is noted. 

The applicant’s arguments have been carefully noted 
but there is seen no reason for reversing the position 
priorly taken by the Examiner as to patentability of the 
instant claims. 

The applicant lays emphasis upon that portion of R.S. 
48S6 reading, “Any person who has invented or dis¬ 
covered-” (underscoring added). The applicant is ad¬ 

vised that the meaning of the term “discovery” as it re¬ 
lates to patentability is different from the general mean¬ 
ing of the term and this distinction has been recognized 
in adjudicated cases. The term “discovery” as applied to 
patent cases is not analogous or similar to the term as 
used, for example in geographical exploration, but, as 
brought out in In re Kemper, 1 Mac A. Pat. Cas. 1; Fed. 
Cas. No. 7,687, C.C., D of C., (1841), it is used always 
'as synonymous with invention. For a fuller discussion 

of the question the applicant is referred to Walker on 
Patents, Deller’s Ed., Vol. 1, pages 35-38. 

53 Relative to the pertinency of the Ohl reference 
it is considered that the applicant’s position is with- 
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out sufficient merit. The applicant contends that since 
certain of the Ohl claims (for example, claims 1 and 2) 
are of the same general scope as the claims at issue, these 
latter claims should be allowed. It might be here stated 
that, without passing judgment in any way upon the Ohl 
patent, if it be assumed that an error was committed in 
allowing such claims as claims 1 and 2 of said patent, 
there still would be no duty upon the Office to perpetuate 
such error by again allowing claims of similar nature. 

Furthermore, to the extent that the diclosure of the Ohl 
reference as defined by its claims is similar to claims of 
the instant application, the Ohl patent becomes a valid 
reference against this application. Whatever the question 
of invention may have been prior to the Ohl reference, 
Ohl teaches the use of high purity silicon in a contact 
rectifying device, that is, silicon with an impurity con¬ 
tent of less than one percent. It appears to be clear that 
to anyone working in the contact rectifier field and having 
before him the Ohl reference as well as reference to the 
use of germanium in contact rectifiers (Merritt of rec¬ 
ord), would have suggested the same investigation and 
examination of germanium as Ohl discloses in the case of 
silicon. This is especially true since silicon and german¬ 
ium are in the same chemical group (note group IV, Men¬ 
del ejeff’s periodic arrangement of the elements). 

The applicant is further advised that to the extent 
that reliance of patentability is made upon operational 
characteristics of the device (as, for example, lines 6 to 
9, claim 15), the claims are functional and are re- 
54 jected on this ground. The claims should define the 
invention either by structure or process. There is 
insufficient structure recited in claim 15 to support the 
functional portion of the claim. Claims 16 to 22 include 
comparable functional content. 
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The applicant is referred to the Office action of June 24, 
1948 when considering this Office action. The last para¬ 
graph of the prior Office action is modified to apply to 
criticism of functionality to all the claims. 

The claims are rejected, accordingly, as directed to 
an unpatentable research problem, as unpatentable over 
Ohl in view of Merritt, and as functional. 

The applicant is further advised that functional state¬ 
ments such as those discussed in connection with claim 15 
are at best hypothetical (note paragraph beginning in line 
15, page 13, applicant’s specification) and patentability 
for this reason cannot depend upon them. 

This rejection is made FINAL. 

With reference to any further action that may be taken 
in this case attention is directed to new Rules 116 and 
191-195 now in force. 

/s/ S. Bernstein 

G rare Examiner 

55 Paper No. Amendment RCA 25 887 

Mail Division Apr 21 1950 U. S. Patent Office 

U. S. Patent Office Received Apr 24 1950 Div. 48 

IN THE UNITED STATES PATENT OFFICE 

Applicant—Seymour Benzer 
Serial No.—642 960 
Filed—January 23, 1946 

For—ELECTRICAL DEVICES 

Division 48—Room 6887 

20 April 1950 
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Proposed Amendment After Final Rejection 

The Commissioner of Patents 
Washington, D. C. 

Sir: 

In response to the office letter of October 27, 1949, 
please amend as follows: 

Cancel Claim 15 and rewrite as follows: 

Claim 23. An electrical device comprising a body of 
semi-conducting germanium of a purity in excess of 99%, 
a contact element establishing electrical contact with one 
surface area of the body, and a metallic conductor in elec¬ 
trical conductive contact with a point on a surface of said 
body, said point being selected to provide the property 
that when a voltage is applied across said device, the 
current-voltage characteristic in the back or high resist¬ 
ance direction exhibits a voltage peak of at least 5 volts 
beyond which peak an incremental increase in current is 
accompanied by an incremental decrease in voltage drop 
across the device. 

Claim 16, line 1, change “15” to — 23 —, 

Cancel Claim 17. 

Claim 18, line 1, change “15” to — 23 —, 

Claim 19, line 1, change “15” to — 23 —. 

56 Cancel Claim 20 and rewrite as follows: 

Claim 24. An electrical device comprising a body 
of semi-conducting germanium of a purity in excess of 
99%, electrical terminal means for establishing electrical 
contact with one surface of the body, and a metallic con¬ 
ductor positioned in contact with a point on a surface 
of said body, said point being selected to provide the 
property such that when a voltage is applied across said 
device and the potential upon the body is negative, the 
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potential upon the conductor will be positive, and the 
current voltage characteristic of the device in the back 
or high resistance direction exhibits a voltage peak of at 
least 5 volts beyond which peak an incremental increase 
in current is accompanied by an incremental decrease in 
voltage drop across the device. 

Claim 21, line 4, after “body” insert—said point being 
selected to provide the property—, line 9, change “5” to 
— 10 —. 

Claim 22, line 4, after “thereof” insert—said point be¬ 
ing selected to provide the property—, line 10, change “5” 
to — 10 —. 

Remarks 

Applicants Associate Agent wishes to express his ap¬ 
preciation for the opportunity, recently granted by the 
Examiner, to demonstrate the device described in the pres¬ 
ent application. The demonstration, which was conducted 
by Dr. Randall M. Whaley, Associate Professor of Physics 
at Purdue University, was designed to present graphically 
the electrical differences between a rectifier of the type 
disclosd by Merritt and the type made by applicant. The 
demonstration was carried out by applying various a-c 
voltages across samples of crystalline germanium. To one 
surface of each sample an electrode of relatively large 
area was soldered. Electrical contact was made at a point 
on another surface of the sample by means of a pointed 
tungsten wire. The output voltage and current were ap¬ 
plied to an oscilloscope such that, on the viewing screen, 
current appeared on a vertical axis and voltage appeared 
on a horizontal axis. 

57 In conducting the demonstration, each sample 
was compared with a known standard such that 
voltages could be estimated directly from the length of 
the horizontal portion of the beam trace appearing on the 
luminescent viewing screen. 
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The first samples tested were etched pieces of german¬ 
ium metal which had been received by Purdue University 
from the Eagle-Picher Lead Company, Joplin, Missouri. 
Although these samples showed some rectification proper¬ 
ties, it was demonstrated that they would withstand only 
very low voltages in the back or high resistance direction 
before breaking down. It could be estimated from the 
length of the horizontal portion of the trace on the screen 
that the back voltage was no more than about 1 volt. 

It was pointed out that, subsequently, Purdue University 
obtained the material as germanium dioxide powder. This 
powder was then reduced to the metallic form at the 
University. In carrying out the reduction at the Univer¬ 
sity, however, the material was purified still further and 
there was obtained as a result the material upon which 
the first commercially usable device of the present inven¬ 
tion is based. Some of the earlier samples made from 
germanium prepared at Purdue were demonstrated to the 
Examiner. It was apparent that these samples withstood 
much higher voltages in the back direction before break¬ 
down than samples of germanium such as those available 
to Merritt. This, in itself, was an important contribution 
to the art. 

Finally, samples were demonstrated which were made 
of material prepared by applicant after his techniques had 
been perfected. These not only exhibited the ability to 
withstand voltages of 40 volts or more in the back direc¬ 
tion but exhibited a negative resistance characteristic as 
well. After reaching a certain voltage in the high resist¬ 
ance direction, a further increase in current was accom¬ 
panied by a decrease in voltage. This characteristic en¬ 
abled the device to operate as an oscillator. 

It is believed that, as a result of the demonstration, the 
Examiner has concrete evidence that applicant’s device 
represents a significant and valuable advance in the art 
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typified by the results previously described by Mer- 
58 ritt. In considering Merritt’s device, the first ques¬ 
tion that arises is—how closely does Merritt teach 
applicant’s invention? An examination of the Merritt ref¬ 
erence will show that although Merritt describes a rectifier 
made from a sample of germanium, he did not prepare the 
germanium, hence he did not know its degree of purity, 
and he therefore had no idea of what needed to be done 
to improve upon the device. Applicant, starting with the 
results of Merritt’s work before him, had no suggestion 
as to what line his investigation should take in order to 
obtain a rectifier which would be usable at high frequen¬ 
cies or which would withstand high voltages in the back 
direction. The Examiner suggests that applicant might 
obtain from the Ohl patents the suggestion that he should 
further purify germanium such as Merritt used if he 
wanted to obtain improved results. However, since the 
Merritt reference does not state the degree of purity of 
the germanium Merritt used, one would, first of all, have 
no indication whether he should remove impurities or add 
them. Furthermore, neither Merritt or Ohl would suggest 
to applicant that the properties he was seeking might be 
obtained by further purifying germanium since, silicon 
rectifiers, such as described by Ohl, would not have these 
properties. 

But the Examiner points out that one reading the 
specification in this case gains the impression that all 
that applicant did was to test a number of samples of 
geraminum metal supplied to him by Eagle-Picher Com¬ 
pany of Joplin, Missouri. If one reads the specification 
carefully, he will note that it states that one sample of 
germanium was obtained from Eagle-Picher having prop¬ 
erties which looked promising. When this one sample was 
first tested, it showed a back voltage of 10 volts without 
burning out. The specification does not point out the de¬ 
tails of how this sample was obtained from Eagle-Picher. 
Submitted herewith are affidavits of Karl Lark-Horovitz 
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of Purdue University and Harold R. Harner, Chief Chem¬ 
ist of Eagle-Picher which shed more needed light on this 
matter. These affidavits and the accompanying exhibits 
definitely show that this one good sample obtained from 
Eagle-Picher was made in response to specification 
59 directions from Purdue University that Eagle- 
Picher make them up a sample of germanium hav¬ 
ing the elements aluminum, gallium, and indium removed. 
A number of tests had previously been conducted at Pur¬ 
due University to determine what impurities were harmful 
in germanium being used for rectifiers. The results of 
these tests indicated that the three elements above re¬ 
ferred to should be completely eliminated. This proved 
to be an important suggestion since the sample which was 
furnished having these three elements removed was the 
first and only sample received by Purdue before they 
made their own successful samples, which showed a use¬ 
fully high back voltage characteristic. 

The affidavit of Karl Lark-Horovitz further tells the 
complete story of how successful samples were developed 
at Purdue University and relates facts concerning the re¬ 
lationship between Purdue and Eagle-Picher during the 
research program. Facts are introduced to show that 
Eagle-Picher played the role of any supplier of custom 
made raw materials supplied to the specifications of the 
buyer. It should be evident that Eagle-Picher did not 
make the invention which is the subject of this applica¬ 
tion and that it would not and could not have been made 
at the time it was without the work done at Purdue. 

Although applicant refers in the specification to Eagle- 
Picher as being one source of germanium suitable for use 
in his device, the additional facts not made sufficiently 
clearly show that Eagle-Picher was able to supply suitable 
materials only after Purdue made its first successful 
samples from germanium dioxide. After October 2, 1942, 
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Purdue made up its own successful samples from ger¬ 
manium dioxide supplied by Eagle-Picher. In preparing 
these samples, the dioxide was reduced by particular proc¬ 
ess and the material was further purified resulting in im¬ 
proved material being produced. Since it was not pos¬ 
sible to analyze accurately the traces of impurities still 
remaining in the good material, the invention could not be 
claimed in these terms. It appears to be possible only to 
claim the invention in terms of the electrical properties of 
the material. Consequently, the claims have been drawn 
to define applicant’s improved device and to distinguish 
over the prior art, such as Merritt, by stating the proper¬ 
ties of the improved material. 

60 It is believed that when the Examiner has studied 
carefully the affidavits presented herewith, he will reach 
the conclusion that the improvement made by applicant 
was by nature a patentable one and that applicant should 
be allowed claims to protect his improved device. This 
may entail some revision of the specification to include the 
explanatory material included in the affidavits. It is be¬ 
lieved by applicant that the material contained in the 
affidavits is only matter explaining what already exists 
in the specification. It is believed that without this 
matter being added or even with all reference to the 
sample received from Eagle-Picher being cancelled from 
the specification, one could still practice the invention 
from the description of how to prepare sufficiently pure 
germanium from reasonable pure germanium dioxide. 
Hence, the material covered by the affidavits should not 
be considered as new matter which it is not possible to 
have entered at this time. 

It is also respectfully requested that the proposed 
amendments to the claims be admitted since it is be¬ 
lieved that they place the claims in better condition for 
allowance. If the claims cannot be allowed, it is respect¬ 
fully requested that the amendment be entered on the 


basis that it will place the claims in better condition for 
appeal. It is believed that if the Examiner will compare 
the amended claims with the claims as formally of record, 
he will note that the general intent is the same as the 
claims before of record although narrowed somewhat in 
scope. The revised wording is preferred in the interests 
of accuracy. Allowance of the claims is believed to be 
warranted by the facts now of record in this case and 
such action is respectfully solicited. 

Respectfully submitted, 

SEYMOUR BENZER 
By /s/ W. S. Hill 

Associate Agent 

61 U. S. Patent Office Received Apr 24 1950 Div. 48 

State of Missouri: 

: SS 

County of Jasper: 

Harold R. Harner, being duly sworn, deposes and says: 

That he is a citizen of the United States, residing at 
112 West “A” Street, in the City of Joplin, County of 
Jasper, and State of Missouri. 

That he has been employed by The Eagle-Picher Com¬ 
pany of Joplin, Missouri for over 25 years, presently hav¬ 
ing the title of Chief Chemist. 

That he is thoroughly familiar with the circumstances 
relating to Eagle-Picher Company’s furnishing of various 
samples of germanium metal to Purdue University for 
use in the research programs of Purdue University’s 
Physics Department, 

That various improvements made in the processes util¬ 
ized by Eagle-Picher Company in the production of ger¬ 
manium metal were developed in close cooperation with 
the Physics Department of Purdue University, and that 
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in making changes in their processes Eagle-Picher was 
guided by the results of tests made at Purdue University 
on samples furnished by Eagle-Picher, 

That one of the suggestions made by Purdue University 
to the Eagle-Picher Company was that steps be taken to 
eliminate all aluminum, gallium, and indium from the 
germanium Eagle-Picher furnished to Purdue, 

That, on or about June 4, 1942, Eagle-Picher Company 
sent Purdue University a certain sample of germanium, 
identified by Eagle-Picher as “Sample No. 1”, of that ship¬ 
ment, 

That the said “Sample No. 1” was prepared from ger¬ 
manium dioxide free of aluminum, gallium, and indium as 
requested by Purdue University, 

Further, deponent sayeth not. 

/s/ Harold R. Harner 

Sworn to and subscribed before me, this day of 17th 
April, 1950. 

/s/ Frances Sailer 
Notary Public 

My commission expires December 23, 1950. 

62 U. S. Patent Office Received Apr 24 1950 Div. 48 

STATE OF INDIANA : 

: ss. 

COUNTY OF TIPPECANOE: 

Karl Lark-Horovitz, being duly sworn, deposes and 
savs: 

That he is a citizen of the United States, residing at 509 
Lingle Avenue, in the city of Lafayette, County of Tippe¬ 
canoe, and State of Indiana, 


That he is Head of the Department of Physics, Purdue 
University, West Lafayette, Indiana, 

That he is thoroughly familiar with the subject matter 
of U. S. Patent Application, Serial No. 642,960 of Sey¬ 
mour Benzer, 

That he was also thoroughly familiar with every step 
of the work that led up to the filing of the said patent 
application, 

That the research work upon which the said patent ap¬ 
plication is based was performed under his supervision 
by Seymour Benzer while Benzer was a research fellow 
in the Department of Physics at Purdue University, 

That records were kept of all samples of germanium 
tested in the Department of Physics at Purdue University 
during that progress of research that led to the filing of 
the said application, 

That, as indicated in the said patent application, a 
sample of germanium semi-conducting material found to 
exhibit a high back voltage characteristic and a voltage 
peak followed by a negative resistance characteristic, was 
received from the Eagle-Picher Lead Co., of Joplin, Mis¬ 
souri, and other samples were prepared at Purdue by re¬ 
ducing and further purifying germanium dioxide received 
from Eagle-Picher, 

That the one sample of germanium received from Eagle- 
Picher during the period in which was conducted the 
research resulting in the invention upon which the said 
patent application was based, exhibited a back voltage of 
about 10 volts, and was given the code number 1-EP, 

That of all the other samples of germanium metal re¬ 
ceived from Eagle-Picher Co. during the period in which 
the subject invention was developed, none exhibited a back 
voltage characteristic of as much as 5 volts, nor did any 
exhibit a negative resistance characteristic, 
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That Exhibits A and B attached hereto are photostats 
of pages 26 and 49 respectively of Laboratory Notebook 
No. 1 in which records of experiments leading to the 
present invention were kept, and that these pages show 
the results of tests on examples K and 7EP-1, respectively, 
among other things, and that these samples are typical 
of those received from Eagle-Picher, 

63 That the previously referred to sample 1-EP was 
received from Eagle-Picher on or about June 7, 
1942 and was first tested on or about Sept. 1, 1942 by 
Benzer, 

That the receiving of sample 1-EP was recorded on 
page 19 of Laboratory Notebook 7, a photostat copy of 
which is attached hereto, labeled Exhibit C, 

That Benzer’s tests on sample 1-EP are recorded on 
page 86 of Laboratory Notebook No. 1, a photostat copy 
of which is attached hereto, labeled Exhibit D, 

That sample 1-EP, was prepared by Eagle-Picher in 
response to a request made to them that a sample of 
germanium be prepared from which all measurable traces 
of the metals aluminum, gallium, and indium be removed, 

That a letter of E. L. Hollman of the Eagle-Picher Co. 
to affiant, dated June 6, 1942 is in reference to this ma¬ 
terial identified by Hollman as No. 1 and states that the 
elements aluminum, gallium, and indium were removed 
from the material, a photostat of said letter being at¬ 
tached hereto and labeled Exhibit E, 

That, the germanium semi-conducting material, in gen¬ 
eral, supplied to Purdue University by Eagle-Picher Co. 
was developed by Eagle-Picher with the close cooperation 
and aid of Purdue University, as evidenced by: 

(1) A letter from E. L. Hollman of Eagle-Picher Lead 
Co. to affiant, dated June 8, 1942, a photostat copy of 
which is attached hereto and labeled Exhibit F, 
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(2) A letter from affiant to E. L. Hollman, dated July 
7, 1942, a photostat copy of which is attached hereto and 
labeled Exhibit G, 

(3) A letter from affiant to J. C. Sommerville of Eagle- 
Picher Lead Co., dated Dec. 8, 1942, a photostat copy of 
which is attached hereto and labeled Exhibit H, 

(4) A letter from affiant to C. J. Sommerville, dated 
Jan. 3, 1943, a photostat copy of which is attached hereto, 
labeled Exhibit I, and 

(5) A letter from affiant to J. H. Woodyard of Sperry 
Gyroscope Co., dated June 10, 1942, a photostat 

64 copy of which is attached hereto and labeled Ex¬ 
hibit J, 

That, although, as stated in the specification of the said 
patent application, Eagle-Picher is one source from which 
material suitable for use in the device of the subject in¬ 
vention may be obtained, Eagle-Picher was only able to 
supply suitable material at a period subsequent to that 
in which was performed the research leading to the in¬ 
vention, 

That, to the best of his knowledge, none of the samples 
of germanium referred to by Benzer in the said appli¬ 
cation as being received from Eagle-Picher Lead Company 
of Joplin, Missouri, and which were tested prior to the 
time commercially successful germanium samples were 
prepared at Purdue University, exhibited a voltage peak 
in the back or high resistance direction followed by a 
negative resistance, 

That, after September 1, 1942, samples of germanium 
were prepared in the Physics Department of Purdue Uni¬ 
versity from germanium dioxide furnished by the Eagle- 
Picher Lead Company, 
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That, on October 2, 1942, Benzer tested a sample of 
germanium, identified by the code Number 7-E, which was 
prepared at Purdue University by reducing and further 
purifying germanium dioxide received from the Eagle- 
Picher Lead Company, 

That the laboratory records show that the said sample 
7-E exhibited a voltage peak of 14 volts in the back di¬ 
rection and that this voltage peak was followed by a 
negative resistance characteristic, 

That Exhibit K, attached hereto, is a photostat copy 
of page 56 of Benzer’s laboratory notebook No. 5, which 
page identifies the symbols used in summarizing his test 
results, 

That Exhibit L, attached hereto, is a photostat copy 
of page 60 of Benzer’s notebook No. 5 giving the results 
of tests on sample 7E, 

That subsequent to October 2, 1942, Benzer found that 
many other samples of germanium prepared at Purdue 
Exhibited voltage peaks in excess of 10 volts in the back 
direction followed by negative resistance characteristics, 

That among these subsequently tested samples was one 
identified with the code number 9-Ha, which in different 
tests exhibited back voltage peaks of over 35 volts and 
over 40 volts, each peak being followed by a negative 
resistance characteristic, 

65 That the sample 9-Ha is the same as sample 
9-Ha referred to in the specification of the said 
patent application, 

That Exhibits M and N attached hereto are photostat 
copies of pages 103 and 108 respectively of Benzer’s labo¬ 
ratory notebook No. 8, these pages including results of 
tests conducted by Benzer on sample 9-Ha, 
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Further deponent sayeth not. 

/s/ Karl Lark-Horovitz 

Sworn to and subscribed before me, this 14th day of 
April, 1950. 


/s/ Mary Grace Gagen 
Notary Public 

My commission expires July 16,1953 ,Mary Grace Gagen. 
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LEAD, ZINC AND ALLIED PRODUCTS 

omen 

Cincinnati JOPLIN. MISSOURI 

June 8. 1942 



Dr. Karl Lark-Horovitx 
Purdue University 
Lafayette, Indiana 

Dear Dr. Horovit*: 

Thank you for your letter of June 3 containing the information which 
we di8cussed when I saw you this week. Incidentally your letter was 
received at S:00 A.M. June 3* 

Since returning to Joplin we have made spectrographic examination of 
tne sajnples of metal which I brought hack with me. 

The only difference which we find between our Ho. 2 sample which you 
found satisfactory and our Ho. 3 and our Ho. 4 which were not good is 
that Ho. 2 contains no arsenic tdiile Ho. 3 and Ho. 4 contain arsenic. 
There was no aluminum in any of the metal. Carbon electrodes were used 
on the examination. 


The results were as follows: 

A.C. 


2^50 As 
Si 

2780 As 
Mg 
Pb 
Sn 

2860 As 

?e 

Ge 

3082 A1 
Cu 

Ag 

Zn 

Ca 


W 

Good 


0 

5 

0 

4 

5 
3 
0 

3 

8 

0 

3 

3 


W 

Bad Bad 
“5“ 


5 

5 

5 

5 

3 
5 

4 

8 

0 

5 

3 


5 

5 

5 

4 

5 
5 

10 

0 

5 

4 

0 

5 


Blank 


0 

4 

0 

4 

0 

0 

0 

0 


4 
0 
0 

5 


~w~ 

Good 


0 

5 

0 

4 

5 
0 
0 

7 

0 

5 

3 

2 

5 


~fS 

Bad 

“IT 


* 

l 

5 

0 

5 


7 

0 

5 

5 


D.C. 

W 

Bad 

— 1r 

5 

5 

5 

5 

0 

5 

8 

0 

l 

3 

5 


Blank 


0 

4 

0 

0 

0 

0 

0 


0 

4 
0 
0 

5 


In and Ga not present 

Since arsenic is not considered a harmful impurity and no aluminum. 
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The EAOLE-PICH cEAD COMPANY She*? 

X* 0. Hollman to Dr. Horovitz 
June 8 , 1942 


indium or gallium ware found, we are still at a loss to account for the chemi- » 

•cal difference in good and had metals* 

This brings up three questions: 

1* The solubility of Ge0 and GeOg in the metal* We do not 
have any information available as to the solubility of GeO and GeOp in the 
metal and what effect these compounds would have on the physical properties 1 

of the metal* 

2. The formation of carbide or nitride during the redaction of 
the dioxide* Germanium forms two nitrides, Ge ^&2 603 ^ 1 *• However, the 

former sublimes above 650 °C and the latter decomposes at 450°C, if they were 
formed they would not remain in the metal* There is no reference in the v 

literature of the existence of a germanium carbide* A spectrographlc examina¬ 
tion of the metal, using copper electrodes, failed to show the presence of 
carbon in the metal* 

3* Since the presence of impurities in the metal falls to give 
the answer for the good and bad metal, then the question of the physical 
condition of the metal arises* Very little Is known about the effect of 
heat treatment of germanium. We will do some work on this phase of the prob- j 

lem* 

Tours very truly, 

THX XAGLX-PXGHKH LXAD COMPANY 

X. G* Hollaan 

Kffl/CC fie search Department 


A 
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July 7, 1942 

Mr. E. G. Hollman, 

Research Department, 

Eagle Picher Lead Company, 

Joplin, Missouri. 

My dear Mr. Hollman: 

After having tested so many samples, we come to the 
conclusion that it is always possible to reproduce results 
if the same oxide is being used, all other conditions being 
equal. 

It seems that in all your experiments you have never 
started from re-distilled tetrachloride except in 2A, and 
that, I believe, is the reason for the excellent qualities of 
this material. Would it be possible that you could make 
an oxide (carefully avoiding any contamination) from re¬ 
distilled tetrachloride and send us a large enough sample 
for experiments and then make a reduction exactly simi¬ 
lar to 23, which as you state is a second pouring of a 
melt obtained in a new and pure graphite crucible. 23 so 
far is by far the best material which we have tested, with 
the exception of 2A. It is clear from our experiments that 
36 is far from being identical with 23, and in fact is rather 
poor material. 

The material which we obtained from Fairmount is not 
as good as 23 or 2A, but is fair. We are sending you a 
sample and would appreciate having your report of the 
spectroscopic analysis. 

We have sent a sample of this Fairmount material to 
the eastern laboratories who are using their germanium. 
We are doubtful whether this is the same material which 
thev are using. So far the eastern laboratories are using 
Fairmount germanium which they remelt in hydrogen in 
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an electric furnace, and which they claim is afterwards 
pretty good. 

Trusting to hear from you, and looking forward to ob¬ 
taining a sample of purest oxide and material made from 
it, I remain, thanking you for your help, 

Very sincerely yours, 

K. Lark-Horovitz, Head, 
Department of Physics 

75 


December 8, 1942 

Mr. C. J. Sommerville 
Eagle-Picher Company 
Joplin, Missouri 

My dear Mr. Sommerville: 

I wish to thank you for your letter of December 1. So 
far I have not received the samples P676, P677 which you 
say were shipped on December 1. 

I am very much interested in what you write regarding 
the different extractions from several starting materials. 
You state that the tetra chloride ranging in color from 
almost water white to an extremely dark purple was 
mixed. Do I understand that you mixed different samples 
with different color or do you have any oxide which was 
prepared from a sample of tetra chloride which was color¬ 
less? I believe that this completely colorless tetra chloride 
is perhaps the purest and it would be of great interest 
if (a) we could obtain a small sample of this tetra 
chloride because I would like to make an x-ray and elec¬ 
tron diffraction investigation of the liquid and the vapor 
(b) if we could obtain an appreciable amount of oxide 
which is reduced from the pure white fraction so that 
we could see how far we are actually able to obtain a 
purest metal. 
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You may be interested that by reducing some of your 
pure material and by boiling it in really a high vacuum 
of the order of 10- 6 mm for almost two days and letting it 
crystallize in this vacuum we have obtained samples of 
metal which have the highest purity. I believe, so far 
ever obtained of Ge. The resistance of this sample is of 
the order 7000-8000 x 10- 4 ohm cm. Y?ou see, therefore, 
that it is actually possible with your starting material 
of such purity to obtain extremely high purity metal. I 
believe that this is not the best we can do because spec¬ 
troscopic analysis has shown that there are traces of cal¬ 
cium, possibly coming in from the crucible, and traces of 
mercury which apparently were not completely trapped 
in the liquid air trap which are found as impurities in 
the sample. We are setting up now anew and during the 
next days we are going to prepare a sample where we 
are going to avoid these shortcomings and in this way I 
hope to obtain practically pure Ge. 

I trust to hear from you soon and to obtain the new 
samples which you promised us and remain, 

Very sincerely yours, 

Dr. Karl Lark-Horovitz 
Head, Dept, of Physics 

KLH :mmh 
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January 3, 1943 

Mr. J. C. Summerville 
Research Laboratory 
Eagle-Picher Company 
Joplin, Missouri 

My dear Mr. Summerville: 

I found your wire when I returned from a trip out 
of town and I checked with Mr. Whaley from our re- 
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search laboratory who told me that he sent you a wire 
soon after the samples of oxide were received. 

As regards to the production of oxide or Ge in larger 
quantities, may I explain the whole situation to you. 

Several materials have been contemplated by the re¬ 
search laboratories working on this project and the main 
factor in determining the choice is (a) highest purity of 
the starting material (b) reproducibility so that one can 
be definitely sure that this highest purity material can 
be reproduced at will over and over again. 

That was the situation last spring when we started on 
this problem. 

At this itme three different sources of Ge were avail¬ 
able. The Fairmount Chemical Company produced some 
Ge. some Ge was obtained from McKay and Ge was ob¬ 
tained from your company. 

There were still some university laboratories which also 
were making some Ge metal. 

Due to the fact that the process of the purification and, 
particularly, the reproducibility of your product, was not 
standardized until recently, it was impossible to persuade 
anybody to use this material in quantities. On the other 
hand, some of the eastern companies have been able to 
produce other material, not Ge, which can be used for 
our purpose in large quantities in such a purity that it is 
now difficult to compete with them. 

How’ever, we believe that with the material which you 
have available now it is possible by developing the proper 
high vacuum technique to create metals which are just as 
pure as the other material used. For this purpose we 
have now assembled high frequency equipment and other 
electric furnaces which will allow us to boil your material 
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or the metals made out of your oxide for hours in the 
highest possible vacuum. Mr. Whaley has been able re¬ 
cently to reach as high vacuum as 10- 7 cm of mercury. 
The next step then is to find out what materials have to 
be alloyed with the Ge to make it useful for our purpose. 
That is the job on which we are starting now. We are 
now preparing for a much better vacuum than we ever 
had before, we are preparing new materials to melt the 
Ge in, and then when we are able to reproduce these re¬ 
sults and are able to produce purest Ge metal, much 
purer still than the one which we have used in the 
77 past, we are going to see with what materials it 
has to be alloyed to be useful for the work. Only 
then will it be possible to decide whether the Ge is going 
to be used in large quantities or not. 

I have notified the General Electric Company, the Bell 
Telephone Laboratory, and others that you have now ma¬ 
terial available which is reproducible, which is of a much 
higher purity than before, and I think that they may be 
interested to start with some experiments. However, to 
make this quite clear, the next job will be to show that 
with our high vacuum technique we are really able to re¬ 
produce highest purity Ge metal. Second, we have to find 
the proper alloys which have to be made and only then 
can any decision be made. 

It is too bad that it took such a long time to solve the 
first problem, namely, the reproducibility of your starting 
product. It is necessary now to get the proper technique 
and the proper melting substances and then the alloys so 
as to make the product really of the greatest possible 
value. 

I trust that this is the explanation which you have de¬ 
sired and I am enclosing a sheet summarizing the results 
w’hich Mr. Whaley has obtained. 


L 
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Thanking yon again for all your kind help and co¬ 
operation, I remain, 

Very sincerely, 

Dr. Karl Lark-Horovitz 
Head, Dept, of Physics 

KLH :mmh 
78 

SECRET 

Copy to E. U. Condon, Westinghouse 

June 10, 1942 

Dr. J. R. Woodyard, 

Sperry Gyroscope Company, 

Garden City, Long Island, New York. 

My dear Dr. Woodyard: 

I am sending you a detailed report on our experiments 
with germanium and the results on germanium melts with 
known impurities. 

I suggest that if you are out of germanium metal that 
you order 200 grams, or as much as you need, of highly 
purified germanium dioxide from Eagle-Picher Lead Cor¬ 
poration, Joplin, Missouri, care Mr. E. G. Hollman, and 
ask him to send you the same highly purified dioxide 
which we have been using. 

We have taken this dioxide and have mixed it in a 
ratio of five dioxide to one sugar charcoal in lots of 6 to 
10 grams dioxide. These are reduced in air in an electric 
furnace at about 1000—1050°. The melt is kept at this 
temperature for about one and a half hours. As a cru¬ 
cible we use either quartz or glazed porcelain. Should 
the metal be not quite clean when removed from the fur¬ 
nace, we remelt it in a high vacuum resistance furnace. 
We have sent you today samples prepared in this way 
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which have tested far superior to the material we have 
sent you before. 

We are now in daily touch -with the factory and hope 
that they will be able to follow our instructions and to 
ship to everybody concerned consistently good metal. Un¬ 
til this time I believe the procedure outlined above is 
satisfactory, since you can easily make 50 grams of metal 
in a day, and this gives you quite a few cartridges. I 
trust that w~e will hear from you at your early conven¬ 
ience, and in the meantime, I remain, 

Very sincerely yours, 

K. Lark-Horovitz, Head, 
Department of Physics. 


i 
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83 POL-90 Paper No. 15 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Address only the Commissioner of Patents, Washington 
25, D. C. 

All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 

G:jp 

U. S. Patent Office Apr 26 1950 Mailed 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ John A. Marzall 
Commissioner of Patents. 

Morris A. Rabkin 
Patent Dept. 

Radio Corp. of America 
R.C.A. Victor Division 
Camden, New Jersey 

Division: 48, Room 6887 
Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed Jan. 23, 1946 
For ELECTRICAL DEVICES 

Responsive to amendment filed April 21, 1950. 

Note is made of the proposed amendment, affidavits 
and exhibits indicated above. 
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An examination of the affidavits and exhibits indicate 
to the examiner that their content is of such nature as 
to fail to corroborate or support the specification of the 
application but actually appears to be incompatible there¬ 
with. 

The proposed amendment is not entered at the present 
time but upon appeal will be entered as placing the case 
in better form for appeal. The affidavits and exhibits will 
be entered at that time for such consideration as the 
Board of Appeals may desire to give them. 

/s/ S. Bernstein 
Examiner 

84 Appeal No. 23719 

Mail Division Apr 26 1950 U. S. Patent Office 

Board of Appeals Apr 28 1950 U. S. Patent Office 

IN THE UNITED STATES PATENT OFFICE 

In re Application of 

SEYMOUR BENZER 

Serial No. 642,960 
Filed January 23,1946 
Division 48—Room 6887 

ELECTRICAL DEVICES 

Appeal To Board of Appeals 

Hon. Commissioner of Patents 
Washington, D. C. 

Sir: 

Appeal is hereby taken to the Board of Appeals from 
the Final Rejection of the Primary Examiner, dated 
October 27, 1949, on the following grounds: 
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1. The Examiner erred in finally rejecting claims 15 
to 22, inclusive, as being directed to an unpatentable re¬ 
search problem. 

2. The Examiner further erred in finally rejecting 
claims 15 to 22, inclusive, as being unpatentable over Ohl 
patent 2,402,839 in view of an article by E. Merritt, On 
Contact Rectification By Metallic Germanium, “Proceed¬ 
ings of the National Academy of Science/’ Vol. II, 1925, 
pages 743-748. 

3. The Examiner further erred in finally rejecting 
claims 15 to 22, inclusive, as being functional in that they 
contain insufficient structure to support the functional 
portions of the claims. 

4. The Examiner further erred in not allowing claims 
15 to 22 as changed by Applicant’s amendment filed April 
21, 1950. 

5. The Examiner further erred in holding that the 
same grounds of rejection set forth in paragraphs num¬ 
bered 1, 2, and 3, above, were applicable to the claims as 

changed by the amendment filed April 21, 1950. 

85 6. The Examiner further erred in holding that 

certain statements relating to the circumstances 
under which a certain sample of germanium was pre¬ 
pared for Purdue University by Eagle-Picher Company 
of Joplin, Missouri, these statements being included in 
affidavits of Harold R. Haines and Karl Lark-Horovitz, 
filed with the Amendment of April 21, 1950, constitute 
new matter and could not be entered in the Specification 
of the present application. 

7. The Examiner further erred in holding that that 
part of the present specification, relating to Purdue Uni¬ 
versity’s receiving a certain sample of germanium from 
Eagle-Picher Company which exhibited properties en¬ 
abling it to be used in the device of the present inven¬ 
tion, could not be cancelled as not necessary to a full and 
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complete explanation of the invention as required by the 
Patent Statutes. 

8. The Examiner further erred in not allowing all 

claims as amended by the amendment filed April 21, 1950. 
An oral hearing is respectfully requested. 

Check for $15.00 appeal fee is enclosed. 

Respectfully, 

/s/ W. S. Hill 
Associate Agent 

Camden, New Jersey. 

April 25, 1950. 

WSH/ 

iae 

86 RCA D-25,887 

Mail Division Jun 23 1950 U. S. Patent Office 

Board of Appeals Jun 26 1950 U. S. Patent Office 

IN THE UNITED STATES PATENT OFFICE 

APPLICATION OF SEYMOUR BENZER 

SERIAL NO. 642,960 FILED JAN. 23, 1946 

FOR: ELECTRICAL DEVICES 

DIVISION 48 ROOM 6887 

THE COMMISSIONER OF PATENTS 
WASHINGTON 25, D. C. 

SIR: 


Request For Withdrawal of Idle Final Rejection 
And Allowance of the Appealed Claims 

The Examiner is respectfully requested to withdraw 
the final rejection and allow the appealed claims. 
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It is realized that this request is not grantable as of 
course, yet applicant submits that his request should be 
granted because the basis of the rejections is a matter 
of law, and it would be incongruous to ask the Board of 
Appeals to instruct the Examiner as to what is the law 
applicable to the case. If there is any doubt about the 
question, it is suggested that instructions from the Com¬ 
missioner should be requested. 

As applicant understands the material rejections—all 
of them—the position is taken that only inventions, ex¬ 
clusive of discoveries, are patentable; that discoveries 
result from research and that any claims drawn to the 
results of research necessarily state merely the research 
problem solved; and that whenever it can be shown that 
others working in the same field solved the problem by 
means different from the means with which the applicant 
worked, no invention is involved. 

Nothing in patent law could be more wrong. Consider¬ 
ing these points 

87 1. What every inventor does is to make a dis¬ 

covery. The Constitution itself provides that Con¬ 
gress has power to secure to inventors the result of their 
discoveries (Const., Art. 1, sec. 8). 

2. Discoveries, i.e., inventions, in this modern age 
usually result from scientific research. 

3. When such a discovery—invention—is made, no 
research problem, or indeed, problem of any other kind 
remains for the problem is solved. The solution is in the 
form of something tangible, and may be of a patentable 
nature. 

4. The mere fact that some one else evolved a means 
for accomplishing the same end purpose does not preclude 
the grant of a patent for the particular solution of the 
research problem under consideration. 
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These, we think, are the principles of law applicable 
to this case, which the Examiner fails to recognize. 

While working with something else, this applicant dis¬ 
covered the ‘‘disadvantages of prior art rectifiers may be 
overcome by using a semi-conductor made of substantially 
pure germanium. My present invention was made while 
testing germanium crystals to determine their adaptabil¬ 
ity for use in high frequency rectifiers for radar appara¬ 
tus. These tests were conducted by me to determine 
how much power the crystals could withstand before burn¬ 
ing out or being ruined.” Curie discovered X-rays in 
the same way. 

The samples of germanium experimented with were 
purchased from a contractor, but regardless of where 
they came from the discovery was made. 

The only possible objection that could be raised in this 
respect must relate to the sufficiency of the disclosure. 
Realizing the necessity of making a full disclosure in this 
respect, he described how to produce germanium which 
would meet his requirements (see spec., commencing p. 
9). Therefore, the previous reference to the samples 
purchased from the contractor may be considered for the 
purpose it was included in the record, viz., to show how 
many samples it was necessary to test before the problem 
was solved. As further emphasizing this fact, and as 
negativing the erroneous assumption that appropriate 
samples were available on the open market, appli- 
88 cant has submitted irrefutable evidence that the 
samples furnished him and found satisfactory were 
made up in accordance with his specifications. 

With respect to the claims, prima facie they are drawn 
to a combination which forms the subject-matter of pat¬ 
ent protection. They do not state a research problem, or 
any other problem. Probably, what the Examiner has in 
mind is that the claims recite the result of research which 
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some other research worker should have solved. This 
view is strengthened by the rejection on Ohl in view of 
the article by E. Meritt. The rejection appears to be 
that since Ohl invented a silicon alternating current 
rectifier, which the applicant found unsatisfactory, and 
Meritt was working with germanium, any research worker 
if he worked long enough and conducted a sufficient num¬ 
ber of experiments could and would have evolved the 
applicant’s rectifier. The answer to that argument is 
that they would not and the patent laws are designed to 
encourage experiments in research by skilled workers in 
the art to evolve new and improved devices. 

That applicant’s device is new and produces unex¬ 
pected results was demonstrated to the examiner and ad¬ 
mitted by him at a recently appreciated oral interview. 
Surely, therefore, the examiner will not persist in the 
position that merely because it can be speculated that 
some body at some future time following the methods of 
the art might have produced an invention, the successful 
inventor who made the invention is to be denied a pat¬ 
ent. There is nothing in law which would warrant a 
conclusion of this kind. 

The only remaining ground of rejection is that the 
claims are functional. The examiner is well aware of 
the fact that to warrant a rejection on the ground of 
functionality, the claims must recite a function or effect 
as distinguished from a tangible thing. The claims ob¬ 
viously do not fall in that category. Apparently, what 
the examiner means is that in his judgment the claims 
are objectionable in that they contain what appears to 
be a functional expression and that such expression is 
not preceded by the recitation of positive structure which 
renders such function possible. Superficially, there is 
some justification for an objection—not a rejection, 
89 on this ground because Claim 23, for example, re¬ 
cites in lines 5 and 6, “said point being selected 
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to provide the property that when a voltage is applied 
across said device, the current voltage characteristic in 
the back or high resistance direction exhibits a voltage 
peak” etc. This expression is necessitated because the 
geographical location of the point is not exactly deter¬ 
minable in advance of actual use, and there is nothing in 
patent law that requires an inventor to recite the im¬ 
possible. 

As to form the words “said point being selected” 
could be, and may be thought as being, synonymous with 
the word “whereby”, and the use of the word whereby is 
conventional. Consequently, the examiner reads this por¬ 
tion of the claim as follows: “And a metallic conductor 
in electrically conductive contact with a point on the sur¬ 
face of said body whereby to provide the property that 
when” etc. 

The only possible ground for rejection is that the ref¬ 
erences anticipate the appealed claims, or that the ap¬ 
pealed claims present nothing patentable over the ref¬ 
erences. Admittedly, the references do not anticipate. 
That the claims present patentable novelty over the refer¬ 
ences is conclusively evidenced by the demonstration made 
showing the new and remarkable results of the inventor’s 
device. 

Respectfully submitted, 

SEYMOUR BENZER 
By /s/ W. S. Hill 

Associate Agent 

Camden, New Jersey. 

June 21, 1950. 

90 Mail Division June 23 1950 U. S. Patent Office 
Board of Appeals Jun 26 1950 U. S. Patent Office 
IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 

In re application of 
SEYMOUR BENZER 
Serial No. 642,960 
Filed January 23, 1946 
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For: Electrical Devices 

Appeal No. 23,719 

Brief On Appeal 

May it Please the Honorable Board: 

Applicant appeals from the Final Rejection of the 
Primary Examiner dated October 27, 1949, of Claims 15 
to 22, inclusive, which were all the claims in this appli¬ 
cation. With entry of the amendment dated April 21, 
1950, Claim 15 was re-written as Claim 23, Claim 17 was 
cancelled, Claim 20 was re-written as Claim 24, and the 
remaining claims were amended somewhat in order to 
place them in better form for Appeal. As a consequence 
of the Amendment, Appeal is now being taken on Claims 
numbered 16, 18, 19, 21, 22, 23, and 24. 

The Rejected Claims Upon Which Appeal Is Taken.... 

“23. An electrical device comprising a body of semi¬ 
conducting germanium of a purity in excess of 99%, a 
contact element establishing electrical contact with one 
surface area of the body, and a metallic conductor in 
electrical conductive contact with a point on a surface of 
said body, said point being selected to provide the prop¬ 
erty that when a voltage is applied across said device, 
the current-voltage characteristic in the back or high re¬ 
sistance direction exhibits a voltage peak of at least 5 
volts beyond which peak an incremental increase in cur¬ 
rent is accompanied by an incremental decrease in voltage 
drop across the device. 

91 “16. The electrical device claimed in claim 23 

wherein the current flow in the forward or low 
resistance direction through the said device obtained at 
voltages of less than two volts is of a substantial order 
as compared to the current flow in the high resistance di¬ 
rection at voltages of the order of 5 volts and in excess 
thereof. 

“18. The device claimed in claim 23 wherein the volt¬ 
age peak in the high resistance direction occurs in the 
range between 5 and 40 volts. 


“19. The electrical device claimed in claim 23 wherein 
the resistance in the forward or low resistance direction 
is of the order of between 20 and 200 ohms. 

“24. An electrical device comprising a body of semi¬ 
conducting germanium of a purity in excess of 99%, elec¬ 
trical terminal means for establishing electrical contact 
with one surface of the body, and a metallic conductor 
positioned in contact with a point on a surface of said 
body, said point being selected to provide the property 
such that when a voltage is applied across said device and 
the potential upon the body is negative, the potential 
upon the conductor will be positive, and the current volt¬ 
age characteristic of the device in the back or high re¬ 
sistance direction exhibits a voltage peak of at least 5 
volts beyond which peak an incremental increase in cur¬ 
rent is accompanied by an incremental decrease in volt¬ 
age drop across the device. 

93 “21. An electrical device comprising a body of 

germanium having a purity at least of the order 
of 99%, electrical terminal means for establishing elec¬ 
trical contact with one surface of the body, and a metallic 
conductor positioned in contact with a point on the sur¬ 
face of the body said point being selected to provide the 
property such that when the potential upon the body is 
negative the potential upon the conductor will be positive 
and the current flow through the body at voltages of the 
order of between 1 and 2 volts is high as compared to 
the current flow when the potentials on the body and the 
said electrical conductor are reversed and the voltages 
applied are in excess of 10 volts. 

“22. An electrical device comprising a body of ger¬ 
manium having a purity in excess of 99%, the said body 
having an electrical terminal connection with a first sur¬ 
face thereof and an electrical conductor contacting one 
point of a second surface thereof said point being selected 
to provide the property such that when the potential 
applied to the body is negative the potential upon the 
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contacted conductor is positive and current which flows 
at voltages of the order of between 1 to 2 volts on the 
body is high and the resistance in this direction of cur¬ 
rent flow is of the order of 20 to 200 ohms as compared 
to relatively low current flow with the potential upon the 
body reversed and the voltage applied to the body is in 
the range between 10 and 40 volts.” 

The References 

“On Contact Rectification by Metallic Germanium,” 
Ernest Merritt, Proceedings of the National Academy of 
Science, Vol. 11, 1925, pp. 743-748. 

Ohl 2,402,839 June 25, 1946.” 

93 The Invention 


The invention in this case is related to a class of elec¬ 
trical devices comprising a body of semi-conducting ger¬ 
manium, having one electrode in contact with a surface 
area of the body and another electrode in contact with a 
point on the surface of the body. For example, the body 
of germanium may be a small rectangular slab as shown 
in the figure below, having one surface ground and etched, 
with a pointed metal whisker in electrical contact with 
the surface thus prepared. Another electrode may be 
soldered to another surface area of the body. 


IlQ.I. 



a 
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The particular improvement to which the present in¬ 
vention is directed is in the use of germanium which has 
been purified so that it has a purity in excess of 99% 
and selecting the point of contact of the point-contact 
electrode so that when a voltage is applied across the 
device the current-voltage characteristic in the back or 
high resistance direction exhibits a voltage peak of at 
least 5 volts followed by a negative resistance char¬ 
acteristic. The device may be used as a rectifier, 
94 as an oscillator or in other ways based on its par¬ 
ticular electrical properties. 

The References 

“On Contact Rectification by Metallic Germanium," 
Ernest Merritt, Proceedings of the National Academy of 
Science, Vol. IT, 1925, pp. 743-748. 

This article describes a rectifier made of germanium 
semi-conducting material and having two electrodes. One 
of these electrodes is described as being of relatively 
large contact area made by clamping the specimen of 
germanium between two iron jaws covered with several 
layers of tin foil, or with iron or copper gauze. 

The other of the two electrodes was made by pressing 
against a surface of the germanium which had been 
polished with emery, the rounded end (radius of curva¬ 
ture about 0.5 mm.) of any one of various metal rods. 
Various metals were tried for the contact material, among 
them being platinum, copper, aluminum, zinc, and bis¬ 
muth. 

The specimen of germanium which Merritt used in his 
experiments was stated to have been loaned to him by 
Professor L. M. Dennis and, other than being said to 
have a weight of 12 gm., was not otherwise identified in 
any way as to physical, chemical, or electrical properties. 

Ohl, 2,402,839, describes an electrical translating device 
including a body of silicon and suitable electrodes. The 
body of the device is highly purified silicon, the order of 
purity being at least 99%. A surface of the silicon body 
is ground and etched and to the surface which has thus 
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been prepared contact is made by pressing the end of a 
tungsten wire which has been ground flat. The tungsten 
wire has preferably had its contact end previously plated 
with a platinum-iridium alloy or the wire, itself, less 
desirably, may be made of the hard alloy. Another sur¬ 
face of the silicon body is soldered to the head 
95 of a brass screw or large area contact is otherwise 
made to a surface of the body. The device may 
be used as a rectifier or to generate electrical oscillations. 

The Rejection of the Claims 

All of the claims stand rejected as unpatentable over 
Ohl in view of Merritt. In support of this ground of 
rejection, the Examiner stated: 

“* • * Whatever the question of invention may have 
been prior to the Ohl reference, Ohl teaches the use of 
high purity silicon in a contact rectifying device, that 
is, silicon with an impurity content of less than one per¬ 
cent. It appears to be clear that to anyone working in 
the contact rectifier field and having before him the Ohl 
reference as well as reference to the use of germanium 
in contact rectifiers (Merritt of record), would have sug¬ 
gested the same investigation and examination of ger¬ 
manium as Ohl discloses in the case of silicon. This is 
especially true since silicon and germanium are in the 
same chemical group (Note Group IV, MendelejefFs pe¬ 
riodic arrangement of the elements 

All of the claims also stand rejected as being func¬ 
tional. With reference to this ground of rejection, the 
Examiner stated: 

“The applicant is further advised that to the extent 
that reliance of patentability is made upon operational 
characteristics of the device (as, for example, lines 6 to 9, 
claim 15), the claims are functional and are rejected on 
this ground. The claims should define the invention 
either by structure or process. There is insufficient struc¬ 
ture recited in claim 15 to support the functional portion 
of the claim. Claims 16 to 22 include comparable func¬ 
tional content /’ 
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All of the claims stand further rejected as di- 
96 rected to unpatentable research problem. In the 
second Office Action, the Examiner said: 

“Careful examination of the application fails to de¬ 
termine a basis upon which a patent may be supported. 
As understood, the Applicants contribution consists in 
selecting from an unlimited field of germanium samples, 
those particularly suited for a given purpose, that is, 
ones having desired characteristics. It does not appear 
that the applicant has in any way brought into being 
anything which was not already in existence. Even the 
technique of selection of the ultimate elements does not 
appear to form any part of the Applicant’s contribution. 
Apparently orthodox techniques are employed. That bet¬ 
ter rectifiers have been disclosed by the Applicant’s ap¬ 
proach to the problem is not here questioned but the 
difficulty resides in a recognition of a statutory classifi¬ 
cation of the contribution upon which patentability may 
rest.” 

In the first Office Action, the Examiner had also stated 
in this regard: 

“It is evident that the applicant did not discover a 
new alloy, there being numerous references to the metal 
as a product of a manufacturer and therefore the appli¬ 
cant would not be allowed protection by a patent of 
another’s invention. Revised Statutes, Section 4886, al¬ 
lows a patent to be obtained by a person who has dis¬ 
covered a new and useful art, machine, manufacture, or 
composition of matter. The disclosure can hardly be 
classified thus, since (1) there is no method or series of 
acts performed upon a subject matter, (2) it is obvious 
there is no machine, (3) manufacture is perhaps a closer 
approximation but the method must have novelty to be 
patentable as well as being a known manufacture which 
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the public will be able to carry out, in re Decker 
97 1911 C.D. 274, 162 0. G. 999, 36 App. D. C. 104, 

(4) the specification does not disclose that ger¬ 
manium is a composition of matter, since it is an ele¬ 
ment/’ 

Grounds of Appeal 

1. The Examiner erred in finally rejecting Claims 15 
to 22 (now Claims 16, 18, 19, 21, 22, 23, and 24) as being 
directed to an unpatentable research problem. 

Throughout the prosecution of this application, Appli¬ 
cant’s contribution to the art has been belittled and made 
to appear as if it were of no consequence. First, the 
Examiner contended (first Office Action) that there was 
no statutory class of invention defined in the claims. 
This is obviously in error since the claims plainly define 
an electrical device having certain physical characteristics 
and certain distinguishing electrical characteristics. The 
device, first of all, is defined as comprising “ — a body 
of semi-conducting germanium of a purity in excess of 
99%-.” Further structure is then recited as includ¬ 

ing both “a contact element establishing electrical contact 
with the surface area of the body, and a metallic con¬ 
ductor in electrical conductive contact with a point on a 
surface of said body - - Further structure is brought 
in by reciting that the contact point of one of the elec¬ 
trodes is selected to provide the property that when a 
voltage is applied across the device, the current-voltage 
characteristic in the back or high resistance direction 
exhibits a voltage peak of at least 5 volts beyond which 
peak an incremental increase in current is accompanied 
by an incremental decrease in voltage drop across the 
device. 

It is believed that, at the time, this invention was 
made, there was no way to precisely define Applicant’s 
invention without specifying its distinguishing electrical 
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properties. At that time, it was not possible to define 
the germanium semi-conductor more exactly in 
98 terms of chemical constitution, for example, since 
that was not known. 

From the foregoing, it should be clear that there is 
no real basis for the Examiner’s position, stated in the 
first Office Action, that there is no class into which Ap¬ 
plicant’s improvement can be put. It is plainly and sim¬ 
ply an electrical device or machine. 

In the second Office Action, the Examiner elaborated 
further on the subject of no statutory classification into 
which Applicant’s contribution could be put. The Exam¬ 
iner’s expressed views have previously been quoted. Part 
of his statement is that—“It does not appear that the 
applicant has in any way brought into being anything 
which was not already in existence.” It will also be 
noted that the Examiner concedes that Applicant may 
have produced a better rectifier. This, in itself, is a 
model of understatement and is misleading. The only 
other germanium semi-conductor device found in the prior 
art is that described in the Merritt article. This was a 
very poor rectifier and would withstand voltages of no 
more than 1 or 2 volts in the back direction. The Mer¬ 
ritt rectifier also did not pass sufficient current in the 
forward or low resistance direction for satisfactory oper¬ 
ation of associated apparatus. Still further in contrast 
to Applicant’s device, Merritt’s rectifier did not have a 
resistance in the back or high resistance direction of suf¬ 
ficient value to enable the rectifier to be used in high im¬ 
pedance circuits. The curves published as part of the 
Merritt article leave no doubt about the limitations of 
his device. The silicon rectifiers of Ohl were probably 
somewhat better but, as shown by Fig. 14 of the patent, 
the best performance that could be expected was a break¬ 
down beyond about 3 volts in the back direction. Ap¬ 
plicant’s device withstands voltages of from 5 to 40 volts 
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in the back direction. Moreover, Applicant’s device has 
the entirely novel feature of exhibiting a voltage peak 
in the back direction followed by a negative re- 
99 sistance characteristic. This type of characteristic 
is totally lacking in the devices described in the 
prior art of record. Together these two great improve¬ 
ments in operation have resulted in the making of a de¬ 
vice which has achieved marked commercial success. This 
latter fact is believed to be so well known as not to re¬ 
quire further proof. 

During the prosecution of this application, one of Ap¬ 
plicant’s colleagues at Purdue University, Dr. R. M. 
Whaley, demonstrated to the Examiner the difference 
between Applicant’s device and prior art devices. It is 
believed that, as a result of the demonstration, the Ex¬ 
aminer cannot deny that Applicant’s device is a very 
great improvement over prior art devices of the same 
class and that it represents a real contribution of con¬ 
siderable importance. With the aid of an oscilloscope, it 
was shown that, using samples of germanium of high 
impurity content, current-voltage curves were obtained 
very similar to those published by Merritt. In contrast 
to this, when germanium was used of very low impurity 
content, current-voltage curves were obtained similar to 
those shown in this application. The voltage able to be 
withstood in the back direction was multiplied many fold 
and a region of negative resistance characteristic ap¬ 
peared. The two devices were thus shown to be so mark¬ 
edly different in electrical properties as to almost defy 
comparison. 

Another part of the Examiner’s ground of rejection 
appears to be based on his interpretation of the specifi¬ 
cation with regard to its description of how Applicant 
made his invention. Admittedly, the specification might 
have been otherwise worded in this regard and it does not 
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tell enough of the story of events leading up to the inven¬ 
tion to present a complete picture. For example, the 
Examiner states that he understands Applicant’s contri¬ 
bution to consist in “- - - selecting from an unlimited 
field of germanium samples, those particularly suited 
for a given purpose, that is, ones having desired 
100 characteristics.” This impression may have been 
gained from the specification beginning page 8, 
line 18. Here, it is stated that Applicant made his in¬ 
vention while conducting burn-out tests on germanium 
crystals for use in high frequency rectifiers and that one 
of such crystals found suitable for use in his present 
invention was of metallic appearing germanium prepared 
and furnished by the Eagle-Picher Lead Company of 
Joplin, Missouri, to Purdue Research Foundation on or 
about June 6, 1942. 

Applicant was a Research Fellow in the Department of 
Physics at Purdue University. Purdue had been assigned 
a wartime research problem that included investigating 
any and all possible sources of crystal rectifiers that 
might be usable at high frequencies. They started prac¬ 
tically from scratch. There was very little published 
material on crystal rectifiers and the published work 
dealt mainly with research on galena and pyrites. Even 
the Ohl patent, relied upon by the Examiner, was not 
then available, the Ohl patent having been issued some 
months after the filing date of the present application. 
After running down numerous false leads with other ma¬ 
terials, Purdue tried germanium. The published work 
on germanium would have led one to believe that it could 
not be used to make high back voltage rectifiers or recti¬ 
fiers usable at high frequencies. Merritt’s results are 
completely discouraging to one who might be looking for 
some clue to good rectifier materials. Nevertheless, Ap¬ 
plicant and his colleagues investigated germanium. They 
first obtained samples of germanium from about the only 
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commercially available source, the Eagle-Picher Lead 
Company. The first samples obtained gave results no 
better than those published by Merritt. So Purdue set 

out on a program to determine how the germanium might 
be improved. It was found, by adding one impurity 

after another to the germanium received from Eagle- 
Picher, that certain impurities evidently exerted 
101 no harmful influence but that other impurities defi¬ 
nitely acted as poisons. During this time, Purdue 
constantly corresponded with Eagle-Picher Company ad¬ 
vising them of improvements in purification techniques 
and making many suggestions for changes in their proc¬ 
ess of preparing the germanium. Finally, the request 
was forwarded to Eagle-Picher that a lot of germanium 
be prepared from which all aluminum, gallium, and 
indium be removed. Eagle-Picher sent this lot and a 
sample, identified by Applicant as 1EP, was found to 
have the properties which enabled it to be used in the 
device of the present invention. This is the one success¬ 
ful sample referred to in the specification as being re¬ 
ceived from Eagle-Picher. No other samples of ger¬ 
manium were ever received from Eagle-Picher which 
were found to have the properties suitable to the device 
of the present invention—and the specification does not 
contradict this statement. 

It should now be clear that Applicant did not just test 
samples of germanium furnished by commercial suppliers 
from regular stock and just happen to find one or more 
that had useful properties. An affidavit of Dr. Karl 
Lark-Horowitz, Head of the Physics Department of Pur¬ 
due University, has been made a part of the record in 
this case. This affidavit not only substantiates all of the 
above statements but contains full documentary proof of 
every allegation. This proof includes copies of corre¬ 
spondence between Purdue and Eagle-Picher, correspond¬ 
ence between Purdue and others, and copies of notebook 
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pages. Further proof given is an affidavit of Harold R. 
Harner, Chief Chemist of Eagle-Picher, verifying Dr. 
Lark-Horowitz’s statements about the successful ger¬ 
manium sample. 

The Examiner has dismissed these affidavits with the 

statement that “-the affidavits and exhibits indicate 

to the examiner that their content is of such nature as to 
fail to corroborate or support the specification of 
102 the application but actually appears to be incom¬ 
patible therewith.” 

On Applicant’s behalf, it is urged that there is no 
foundation for this statement by the Examiner. The 
affidavits explain more fully the steps leading to the ob¬ 
taining of the successful sample from Eagle-Picher and 
no statements appear which are contradictory to any¬ 
thing contained in the specification. 

It is further submitted that the entire part of the 
specification dealing with the manner of obtaining the 
first successful sample from Eagle-Picher could have 
been left out without making the description of the in¬ 
vention incomplete. For the specification also includes a 
full and complete description of how to prepare ger¬ 
manium suitable for use in the present invention by 
reducing germanium dioxide. 

The Examiner has also stated: 

“-It does not appear that the applicant has in any 

way brought into being anything which was not already 
in existence.” 

This statement appears to be wrong on two counts. 
First of all, it has been shown that before Applicant 
made his invention, germanium of the requisite degree 
of purity had not been in existence, and, furthermore, 
devices having the electrical properties of Applicant’s 
device had not heretofore been made using any material. 
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regardless of whether it comprised germanium or not. 
Surely, Merritt’s device cannot be compared with Appli¬ 
cants. As previously pointed out, Merritt produced a 
rectifier which was capable of withstanding only very low 
voltages in the back direction and the device did not 
exhibit any negative resistance characteristic. Conse¬ 
quently, it could not be used as an oscillator. So far as 
commercial applications are concerned, Merritt’s device 
is almost entirely unusable. Therefore, if progress had 

stopped with Merritt, the industry would still not 
103 have available to-day usable germanium rectifiers. 

Applicant’s contribution also went beyond a mere 
purification of germanium. He was the first to utilize 
the purified germanium in making the particular elec¬ 
trical device which is the subject of the present claims. 
Thus, from several different standpoints, Applicant may 
be said to have introduced things which were not already 
in existence. The part played by the Eagle-Picher Com¬ 
pany in this development work was no more than that of 
any other supplier of materials who makes up quantities 
of the particular product in accordance with specifica¬ 
tions supplied by the buyer. 

2. The Examiner further erred in finally rejecting 
Claims 16, 18, 19, 21, 22, 23, and 24 as being unpatentable 
over Ohl, 2,402,839, in view of Merritt. 

The Ohl patent is directed solely to description of a 
contact rectifier utilizing specially purified silicon as the 
material out of which its body is made. The patent does 
not suggest use of any alternative material. The Exam¬ 
iner has stated that there is an implied suggestion in 
the Ohl patent since germanium and silicon both belong 
to the same chemical group in the periodic table; namely, 
Group 4. If this is so, then there is also a suggestion 
in Ohl that the elements carbon, tin, and lead should also 
be usable in point contact rectifiers since these elements 
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are also found in Group 4 and even in the same subgroup 
of Group 4 occupied by silicon. Applicant is not aware 
that these other elements have proved to be useful in 
contact rectifiers or other similar electrical devices. It 
has been a well-settled rule in cases where chemical 
changes are involved that prediction as to what may hap¬ 
pen in a particular case is very uncertain when reason¬ 
ing from known phenomena. The results may be totally 
unexpected. About the only type of series in which 
chemical reactions may be predicted with a fair degree 
of certainty are those carbon compounds of the same 
classification which differ only one from another by 
104 what is known as a methyl group. Homologues, 
in the same organic series, are usually chemical 
equivalents. But when one comes to the periodic table, 
differences existing between adjacent members in the same 
series are as often as not great enough to cause unex¬ 
pected differences in results. Even in this case, that 
fact must be apparent. The rectifiers which Ohl made 
of silicon, unlike Applicants device, do not exhibit high 
back voltage characteristics nor do they exhibit a voltage 
peak in the back direction followed by a negative resist¬ 
ance characteristic. On the contrary, the current-voltage 
characteristics given in the Ohl patent are very similar 
to those published by Merritt. Therefore, is it not to 
be concluded that, even if the Ohl patent had been avail¬ 
able to Applicant, all that it would have taught him is 
that he could not hope to obtain results any better than 
Merritt had obtained, even if he further purified his ger¬ 
manium material? 

The Merritt article, it is true, deals with rectifiers 
made of germanium semi-conducting material. But, the 
curves published by Merritt show that his device had 
operating characteristics vastly different from those of 
Applicant. As previously pointed out, Merritt’s rectifier 
would withstand only very low voltages in the back direc- 
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tion and had no negative resistance characteristic. The 
Merritt article states nothing about the degree of purity 
of the germanium used. Merritt obtained his germanium 
sample from someone else and did not know, apparently, 
how it was prepared. Surely, one reading the Merritt 
article would not be encouraged further to investigate 
germanium in the hope of finding electrical characteris¬ 
tics such as those inherent in Applicant’s device. 

If the Examiner’s rejection is proper, one should be 
able to find some suggestion in at least one of these two 
references that would indicate to him the possibility or 
advisability of combining the disclosures of both. 
105 One should also have, when the combination is 
made, a resulting device which is substantially the 
same as that which is the subject of the present inven¬ 
tion. As pointed out above, one reading the Ohl patent 
finds no suggestion that he may use purified germanium 
to obtain a device such as Applicant has made. As also 
pointed out above, Merritt contains no suggestion that 
rectification properties may be further improved by fur¬ 
ther purifying the germanium semi-conducting material. 
Furthermore, if both these disclosures be combined, one 
obtains nothing usable for he then has a combination of 
silicon and germanium which is presumably a useless 
hybrid. Again, it is desired to point out that it would 
have been impossible for Applicant to obtain suggestions 
from the Ohl patent before embarking upon his research 
due to the issue date of the Ohl patent. So that, even if 
he had been gifted with more than the usual amount of 
scientific clairvoyance, he still could not have performed 
the mental gymnastics which this rejection implies might 
have been done. 

3. The Examiner further erred in further rejecting 
Claims 16, 18, 19, 21, 22, 23, and 24 as being functional in 
that they contain insufficient structure. 
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This rejection also is not believed to have been war¬ 
ranted since that part of the claims to which the Exam¬ 
iner objects actually may be said to define additional 
structure. Since not all points on the surface of a body 
of germanium semi-conducting material exhibit recti¬ 
fying properties, it seems proper to include a guidepost for 
locating the contact electrode. Since the contact electrode 
cannot be located with respect to any visual characteris¬ 
tic in the appearance of the surface of the semi-con¬ 
ductor, its location must be stated in some other definite 
terms. This is most conveniently done by reciting the 
location as being that which will produce a particular 
electrical characteristic. Defining a location in this man¬ 
ner is not believed to constitute reliance on func- 
106 tional language. During the prosecution of this 
application, it was made clear that Applicant was 
unable to define his semi-conducting material in chemi¬ 
cal terminology because it was not known which impuri¬ 
ties remained in the germanium nor in what amounts 
they remained. The germanium had been prepared to be 
substantially 100% pure and the degree of purity was 
such that spectroscopic tests revealed no more than mere 
traces of elements remaining. It was further found dur¬ 
ing this work that spectroscopic tests were completely 
unreliable. The only tests which could be relied upon 
were tests of electrical properties, such as resistance 
measurements. It has long been recognized that where 
an applicant has made an important contribution to the 
art and where great difficulty exists in suitably defining 
his invention that some latitude will be allowed him to 
permit him to obtain the legal protection he deserves. 
In this case, the Applicant’s contribution has been great 
but the difficulty in defining his invention is equally as 
great. It wrould appear that, since no alternative way 
has been suggested for him to define his invention prop¬ 
erly and adequately, he may reasonably be allowed some 
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latitude of terminology. It should be further empha¬ 
sized that the statement in the claims dealing with loca¬ 
tion of the point-contact electrode is not the only way 
that the claims define over the prior art. The prior art 
does not show the use of highly purified germanium in 
an electrical device. The so-called functional statement 
in the claims may be interpreted as a “whereby” clause, 
if desired. It may be regarded merely as adding clarity 
to a definition which already distinguishes structurally 
over all prior art of record. 

4. The Examiner further erred in not allowing Claims 
15 to 22 as changed by Applicant’s amendment filed April 
21, 1950. 

The amendment of April 21, 1950, was entered by the 
Examiner in order to permit Applicant to place his claims 
in better condition for appeal. For reasons fully 
107 set forth above, it is believed that the Examiner 
should have allowed these claims as amended and 
should not have continued the final rejection. 

5. The Examiner further erred in holding that the 
same grounds of rejection as applied to Claims 15 to 22 
were also applicable to the claims as. changed by the 
amendment filed April 21,1950. 

The claims as amended April 21, 1950, are believed to 
define more accurately the invention since they referred 
to the voltage as being applied across the device to ob¬ 
tain the current voltage characteristic and the voltage 
peak is stated to be at least 5 volts. This latter limita¬ 
tion definitely takes Applicant’s device out of the class 
of rectifiers described by Merritt and makes more definite 
the scope of the protection to which Applicant believes he 
is entitled under the Patent Statutes. It is believed 
that the Examiner should have taken this further limita¬ 
tion into account when considering whether or not to 
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continue the rejection in view of Merritt and that he 
should also have withdrawn his rejection on the grounds 
of functionality. 

6. The Examiner further erred in holding that certain 
statements relating to the circumstances under which a 
certain sample of germanium was prepared for Purdue 
University by Eagle-Picher Company, of Joplin, Mis¬ 
souri, these statements being included in affidavits of 
Harold R. Harner and Karl Lark-Horowitz filed with 
the amendment of April 21, 1950, constitute new matter 
and should not be entered in the specification of the 
present application. 

In his advisory action given after final rejection of the 
claims, the Examiner stated that the affidavits did not 
corroborate or support the specification of this applica¬ 
tion. He, therefore, implied that their subject matter 
could not be used to either add to or subtract from the 
specification in any way in order to clarify it. Since 
108 the specification cannot be a complete storybook 
going into all the lengthy details about events 
leading up to Applicant’s invention, it is believed that, 
for purposes of clarity, it would be better to remove 
from the specification in this case all reference to the 
material received from Eagle-Picher Company. This 
part of the specification is not needed to explain the in¬ 
vention fully and, if removed, there would still remain 
a full and complete explanation of how one might pre¬ 
pare germanium which could be used in the device of the 
present invention. That part of the specification relat¬ 
ing to the Eagle-Picher Lead Company does not contain 
any significant description of how to carry out the in¬ 
vention. It could, and should, therefore, be deleted from 
the specification in order to prevent any further misin¬ 
terpretation of how this invention was brought about 
If the Honorable Board favorably considers the present 
grounds of appeal, it is respectfully requested that Ap- 
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plicant be permitted to delete that part of the specifica¬ 
tion beginning line 18 on page 8 and continuing through 
line 18 on page 9. 

7. The Examiner further erred in holding that that 
part of the present specification, relating to Purdue Uni¬ 
versity’s receiving a certain sample of germanium from 
Eagle-Picher Company, which exhibited properties en¬ 
abling it to be used in the device of the present inven¬ 
tion, could not be cancelled as not necessary to a full and 
complete explanation of the invention as required by the 
Patent Statutes. 

Although the Examiner did not specifically hold that 
the above referred to part of the specification could not 
be cancelled, it is believed that such is implied in his 
advisory action since, if he had conceded that the affi¬ 
davits clarified the specification, he must also have 
reached the conclusion that the above referred to part 
of the specification could be deleted without affect- 
109 ing in any way the full and complete explanation 
of the invention required by the Statutes. It 
would, therefore, appear that much of the question of 
whether or not the Examiner’s rejection was proper 
hinges on this one point; namely, would it or would it not 
be proper for Applicant to cancel from his specification 
all that part relating to theEagle-Picher Lead Company, 
especially in view of the affidavits which have been sub¬ 
mitted. If this part of the specification were not present, 
it is believed that the question of whether or not a Statu¬ 
tory class of invention is applicable in this case would 
not apply. There would then remain only the question 
of patentability over the references which appears to be 
clearly in Applicant’s favor, and a question of function¬ 
ality which has not been urged very strongly against these 
claims. It is, therefore, believed that, if the Honorable 
Board of Appeals will hold that the part of the specifica- 
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tion in question may be deleted, the most important 
grounds of rejection advanced by the Examiner will be 
nonexistent and should be withdrawn. 

8. The Examiner further erred in not allowing all 
claims as amended by the amendment filed April 21, 1950. 

For reasons which have been fully set forth above, it is 
believed that the Examiner should have allowed claims in 
their last amended form. 

- CONCLUSIONS - 

The claims on appeal are submitted to be allowable 
herein for the reasons that: 

(1) They define a device which properly falls within 
a class covered by the Patent Statutes. 

(2) The particular contribution to the art made by 
Applicant is of a patentable nature. 

(3) The claims are clearly patentable over Ohl, 
2,402,839, in view of the article by E. Merritt. 

110 (4) The invention is not defined in functional 

terms in the claims. 

Allowance of Claims 16, 18, 19, 21, 22, 23, and 24 is 
respectfully solicited. 

Respectfully, 

/s/ W. S. Hill 

Associate Agent 

Camden, New Jersey. 

June 21, 1950. 

WSH/iae 


193 A 


111 U. S. Patent Office Aug 23 1950 Mailed 

Paper No. 19 

All communications respecting this application should 
give the serial number, date of filing, name of the 
applicant, and appeal number. 

Address only 

The Commissioner of Patents 
Washington 25, D. C. 
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For ELECTRICAL DEVICES 
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Examiner's Statement 


This is an appeal from the final rejection of claims 23, 
16, 18, 19, 21, 22, and 24, which constitute all the claims 
in the case. Certain of the above claims (claims 23 and 
24), have been substituted subsequently to the final re¬ 
jection. 

The references relied upon are as follows: 

Ohl 2,402,839 June 25, 1946 

Merritt—Proc. Nat’l. Academy of Science, Vol. II, 1925, 

pp 743-748. 
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Applicant's Disclosure 

The disclosure of the application relates to germanium 
contact devices and particularly to germanium rectifiers. 
Such devices of the class concerned in the present case 
consist of a germanium block or slab having a large area 
metal contact against one surface and a point metal con¬ 
tact against another surface thereof. The construction 
is fundamentally shown in figure 1 of the drawing 
112 in which 5 is the germanium slab, 8 the large area 
contact and 6 the point contact. When an alter¬ 
nating voltage is placed between the two contacts 6 and 8, 
at least partial rectification of the resulting current will 
take place, the direction of rectification being dependent 
upon factors including the characteristics of the ger¬ 
manium itself. Various efforts have been made to im¬ 
prove contact rectifiers, including those using germanium, 
and in the present instance, the applicant has investi¬ 
gated a number of germanium 1 ‘crystals” in relation to 
their use and satisfactory characteristics in contact de¬ 
vices. The tests made by the applicant appear to have 
been directed to the adaptability of such units for use 
at high frequency, as well as their ability to pass suffi¬ 
cient energy without burning out or otherwise being 
ruined. 

The particular investigations conducted by the appli¬ 
cant appear to have been made with high purity ger¬ 
manium, specified as in excess of 99 percent pure and 
consisted in selecting the point of contact of the point 
electrode with the germanium which gave the most de¬ 
sirable operating characteristics. 

The References 

The Ohl reference discloses a contact device of the 
“cat-whisker” type in which silicon, instead of german¬ 
ium, is used as the semi-conductive material. The pat- 
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entee discusses the desirability of using silicon 

113 with a purity of over 99 percent and describes 
methods of obtaining that purity. The surface of 

the silicon is ground and etched and the point contact, in 
the form of a tungsten wire coated with an alloy of gold, 
silver and platinum or platinum iridium alloy, or a plat¬ 
inum iridium wire, is contacted with the prepared silicon 
surface. The wire is bent in such a way as to secure a 
constant pressure with the “crystal”. A large area con¬ 
tact is made to another surface of the silicon. 

The Merritt publication describes a rectifier consisting 
of germanium as the “sensitive material” a large area 
contact against one surface and a small area contact to 
another surface. The large area contact was made with 
solder, Wood’s metal or, preferably by clamping be¬ 
tween tin foil, iron or copper gauze. The small area 
contact was made with thin rods of various metals. The 
germanium small area contact surface was polished with 
emery. Numerous tests were made on the rectifier above 
described, including the effect of the character of the 
point electrode surface (oxidation), the composition of 
the point electrode and the position or “spot” on the 
germanium surface at which contact is made. 

Discussion of the Rejection 

The claims have been rejected on three distinct grounds: 

(1) that they define an unpatentable research problem, 

(2) that they are unpatentable over Ohl in view of Mer¬ 

ritt and (3) that they are functional. 

114 The claims have been considered as directed to 
an unpatentable research problem. A careful peru¬ 
sal of the specification is believed to make abundently 
clear that the applicant’s contribution consists essentially 
of selection of germanium “crystals” to meet certain 
preconsidered and desired characteristics. After enumer¬ 
ating certain faults and undesired characteristics of pre- 
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vious contact devices the appplicant has found (page 2) 
that “I have discovered that (these) disadvantages—may 
be overcome bv using a semi-conductor made of substan- 
tiallv pure germanium.” (Underscoring added). The 
applicant then adds, 

‘‘Mv present invention was made in testing germanium 
crystals to determine their adaptability for use in high 
frequency rectifiers for radar apparatus. These tests 
were conducted by me to determine how much power the 
crystals could withstand before burning out or being 
ruined. 

“It was in conducting such tests that I discovered 
that certain of the germanium crystals tested had utility 
for use in a rectifier -which overcame the aforenoted ob¬ 
jections to rectifiers of the point contact type. The ger¬ 
manium semi-conductors meeting the requirements of my 
invention will be referred to hereinafter.” 

In other words, in an investigation of germanium crys¬ 
tals to find out why some crystals were better than others, 

the investigator found out that purity was an important 
factor. The applicant then advanced a hypothesis that 
in high purity germanium, residual unknown impurities 
are responsible for desirable characteristics in the ma¬ 
terial. The applicant discusses this possibility as follows 
(page 2): 

“My experiments indicated that certain of the ger¬ 
manium crystals tested, while substantially pure for many 
practical purposes, by reason of observed electrical con¬ 
ductivity apparently did have minute amounts of 
115 ionized impurities present which rendered german¬ 
ium having such impurities of great value for use 
in constructing rectifiers and other electrical devices/’ 

From the above discussion it appears to be evident 
that the applicant wanted to find, or isolate, say, among 
random germanium crystals, those having desirable char- 
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acterictics. He found that high purity was an essential 
requirement and speculated that the better characteristics 
of the high purity germanium were due to the ionized 
nature of the residual impurities. This the examiner 
feels is a problem of pure research and does not define 
one of the patentable categories under Section 4886 of 
the Revised Statutes upon whieh patentability necessarily 
must be based. 

From a study of the specification, and based upon the 
specification disclosure, it seems to be clear that the only 
conclusion that can be drawn is that the above research 
investigations were made upon specimens of germanium 
already in existence. The applicant says (page 3), 

‘ 4 In germanium high frequency rectifiers the germanium 
usually has alloyed therewith antimony, arsenic, or phos¬ 
phorus and I was testing such germanium crystals and 
other germanium crystals having present unidentified 
impurities. For the latter, my tests did indicate the 
presence of an impurity or impurities in minute amounts 
which account for the electrical characteristics described 
below.” 

and on pages 8 and 9, 

“the semi-conductor 5 is substantially pure germanium 
having minute amounts of ionized impurities. As above 
referred to, I made my discovery in conducting burn-out 
tests on germanium crystals for use in high frequency 
rectifiers and one of such crystals found suitable for use 
in my present invention was of metallic appearing ger¬ 
manium prepared and furnished by the Eagle-Picher 

Lead Company, of Joplin, Missouri, to Purdue 
116 Research Foundation on or about June 6, 1942. 

This metallic appearing germanium was offered 
for sale as chemically pure germanium. Germanium does 
not occur in its pure form in nature and materials con- 
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taining germanium must be refined or reduced to provide 
the metal. Pure solid germanium would have a high elec¬ 
trical resistance, but this germanium received from Eagle- 
Picher Lead Company was found to have appreciable 
electrical conductivity to a degree indicating the presence 
of ionized impurities, although it was prepared to be free 
of impurities. The observation may be drawn therefore 
that in the refining or reducing of the materials in which 
germanium is found, there remained in the metal ger¬ 
manium as produced by the Eagle-Picher Lead Company 
certain minute quantities of ionized impurities which are ^ 

effective in modifying the electrical characteristics of 
pure germanium to produce the results observed by me. 

The metallic crystals of germanium of the above type and 
offered for sale by the Eagle-Picher Lead Company is 
one source of metallic germanium among which crystals 
may be found which, when incorporated in a device as 
above described will exhibit the electrical effects referred 
to above and described in greater detail hereinafter.” 

(underscoring added). 

It is respectfully submitted that there can be only one 
conclusion from the above portions of the specification 
and that is that the applicant availed himself of at least 
one germanium sample “on sale” by the trade in order to 
discover, thru scientific investigation, why some german¬ 
ium samples were better than others. 

Attention is directed to the following paragraph on 
page 9 in which the applicant suggests as an alternative 
method (to that of purchase thru normal trade channels), 
the preparation of the germanium samples by reduction 
of the oxide by known and orthodox methods. The ap¬ 
plicant is of the opinion (top of page 10) that the ger¬ 
manium samples produced by the “alternative method” 
had the same characteristics as the purchased sample or 
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samples for the same reasons (inclusion of ionized im¬ 
purities). 

117 The net conclusion to the examiner, therefore, 
is that an investigation was initiated by a demand 
for germanium rectifiers of particular characteristics, 
that priorly the characteristics of such rectifiers dif¬ 
fered among each other, and that it was hoped that the 
investigation would offer an explanation of the reasons 
for the difference among samples. This has been summed 
up by the applicant on page 13 of the specification as 
follows: 

“It is believed that the above characteristics are due 
to the ionization of the minute amount of impurity or 
impurities in the germanium but it will be understood 
that such characteristics may be due to other effects that 
the impurity or impurities may occasion in the german¬ 
ium. It may, for example, be due to change in the lat¬ 
tice structure of the germanium. It will be understood 
therefore that in defining the germanium as containing 
minute amounts of ionized impurities it is for purposes 
of expediency since it may be found that the impurities 
in the germanium are effective in some other manner to 
provide the characteristics which I have discovered.” 

The examiner neither denys or agrees that the work 
done by the applicant is of value in the general under¬ 
standing of germanium rectifiers but that it is of a nature 
not patentable under the provisions of R.S. 4886, that in 
the investigation of such rectifiers it would be logical and 
obvious first to use germanium of as high purity as ob¬ 
tainable by known means and, in order to explain what 
already existed, namely, that some rectifiers were better 
than others, it would not be patentable to conduct an 
investigation to explain why this was. so. 

The claims were further rejected on the ground that 
they are unpatentable over Ohl in view of Merritt. The 
work done by Merritt was some of the earliest done on 
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germanium rectifiers. Merritt followed the prac- 

118 tice already established in the old crystal detector 
art in which a large area contact with tinfoil, iron 

or copper gauze or partial immersion in melted solder or 
Wood’s metal was made with a portion of the crystal, and 
a point contact was made to another portion. Merritt does 
not describe the qualities of the germanium used other than 
that it was “a speciman of this rare metal weighing 
twelve grams which was. loaned to me by Professor L. M. 
Dennis”. It must be remembered that at the time Mer¬ 
ritt did his work, germanium was not generally available 
and an investigator had to use whatever was available 
to him. The examiner has taken notice of the fact that 
Merritt conducted his research under circumstances where 
it may be presumed that the usual techniques of the 
skilled research worker would be employed and that such 
basic considerations as the use of high purity materials 
for his specimens would be considered. If it be pre¬ 
sumed that, because of technological difficulties, high 
purity germanium was not used, it would be perfectly 
obvious, that, to anyone later repeating his work or 
carrying on from where he left off, one would certainly 
include in his research high purity germanium, if it w'ere 
available. 

Hence Ohl, some fifteen years after Merritt, in work¬ 
ing with silicon, an element closely allied with germanium 
recognized, as a trained observer obviously would, the 
necessity of experimenting with pure materials and has 
discussed this elemental research requirement in his pat¬ 
ent as follows: 

119 (col. 3, line 66 et seq.): 

“In a study of electrical translating devices em¬ 
ploying silicon applicant discovered that a remarkable 
improvement in the point contact rectifying characteris¬ 
tic and other electrical properties is attainable if resort 
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be had to silicon of a high degree of purity, for example, 
of the order of at least 99 per cent. However, silicon of 
that purity has not been available in the market in chunks 
of sufficient size to serve for electrical translating de¬ 
vices. There is on the market silicon in granular form 
of a purity of about 99.85 per cent produced by the 
Electrometallurgical Company. Processes for producing 
such granular silicon are described in United States 
-Patent 1,386,227 issued August 2, 1921 to F. M. Becket. 
N. P. Tucker of the British National Physical Labora¬ 
tory has described an alternative process in the Journal 
of Iron and Steel Institute, vol. 15, page 412, 1927. 
Eimer and Amend have also supplied highly pure silicon 
in powder form.” 

The relation of the Ohl reference to the instant issue 
was discussed by the examiner in paper No. 13 of the 
record and is repeated below: 

“Relative to the pertinency of the Ohl reference it is 
considered that the applicant’s position is without suffi¬ 
cient merit. The applicant contends that since certain of 
the Ohl claims (for example, claims 1 and 2) are of the 
same general scope as the claims at issue, these latter 
claims should be allowed. It might be here stated that, 
without passing judgment in any way upon the Ohl pat¬ 
ent, if it be assumed that an error was committed in 
allowing such claims as claims 1 and 2 of said patent, 
there still would be no duty upon the Office to perpetuate 
such error by again allowing claims of similar nature. 

“ Furthermore, to the extent that the disclosure of the 
Ohl reference as defined by its claims is similar to claims 
of the instant application, the Ohl patent becomes a valid 
reference against this application. Whatever the ques¬ 
tion of invention may have been prior to the Ohl refer¬ 
ence, Ohl teaches the use of high purity silicon in a 
contact rectifying device, that is, silicon with an impurity 


content of less than one percent. It appears to be clear 
that to anyone working in the contact rectifier field and 
having before him the Ohl reference as well as reference 
to the use of germanium in contact rectifiers (Merritt 
of record), would have suggested the same investigation 
and examination of germanium as Ohl discloses in the 
case of silicon. This is especially true since silicon and 
germanium are in the same chemical group (note group 
IV, Mendelejeft’s periodic arrangement of the ele¬ 
ments).” 

120 In other words, it seems to the examiner clear 
that Ohl teaches the procedure that a competent 
investigator (one versed in the art) would use in ex¬ 
ploring the possibilities of a material like germanium. 
It is true that Ohl, for purposes of his investigation, 
chose silicon, which bears a well known relation both 
chemically and in its crystal structure to germanium, 
instead of germanium itself. It is submitted, however, 
that there is no deficiency in the disclosure of Merritt, 
that, because of the limited amount of germanium avail¬ 
able at that time, he was silent as to the purity of the 
specimen he w T orked with. He had no choice in the 
matter. 

The claims have also been rejected as functional. Even 
with the amendments made after the final rejection it is 
believed that this rejection should be maintained. All if 
the claims are article claims in which the only structure 
recited is an above 99% purity germanium body having 
two electrical contacts, one of which is a point contact 
This is the conventional crystal contact type rectifier 
and is the type used both by Merritt and Ohl. The ap¬ 
plicant adds to this structure a method step of selecting 
a “ point’’ on the crystal which will give particular and 
predesired characteristics. Whatever invention may be 
present as a method in this selection technique, it does 
not appear to define structural limitations upon the struc- 
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ture already recited. Incidently, it is believed proper 
to take note of the following commonly known fact, to 
wit, that the applicant’s exploring technique with 

121 the point electrode to secure a particular charac¬ 
teristic is no more than that used for over forty 

years in finding a “sensitive” spot on a crystal of a 
“crystal detector”. 

Conclusion 

The claims in this application have been rejected on 
three grounds, first, that they do not define invention 
within the meaning of Section 4886 of the Revised Stat¬ 
utes, second, that they are unpatentable over Merritt in 
view of Ohl, and third that they are functional in char¬ 
acter and construction. The examiner has not considered 
whether the work done by the applicant is a contribution 
to human knowledge but has necessarily recognized that 
much, if not all, of pure scientific research, is not pat¬ 
entable. It seems to the examiner that the work of 
Benzer falls within this category. Questions of what 
Benzer did must be based upon the disclosure of the 
original specification which is believed to clearly show 
that the applicant’s contribution consisted of making 
selective examination upon a sample or samples of ger¬ 
manium “on sale” by the Eagle Pitcher Company. Other 
samples of the same kind and examined were possibly 
produced subsequently by, or under the direction of, 
Benzer by standard and well known reduction methods. 
Some affidavits and exhibits were filed prior to this ap¬ 
peal but to the extent that they attempt to show a set 
of facts at variance to those disclosed in the original 
specification it is believed they are incompetent 

122 as embracing new matter and would require a cor¬ 
responding serious change of the present specifica¬ 


tion. 
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It is respectfully submitted that the rejection of the 
claims as failing to comply with R.S. 4886, as unpatent¬ 
able over Merritt in view of Ohl, and as functional was 
proper and should be maintained. 

/s/ S. Bernstein 
Examiner 

Morris A. Babkin 
Patent Department 
Radio Corp. of America 
RCA Victor Division, 

Camden, New Jersey 

123 Board of Appeals Sep 12 1950 

U. S. Patent Office 

IN THE UNITED STATES PATENT OFFICE 
BEFORE THE BOARD OF APPEALS 

Applicant—SEYMOUR BENZER 
Serial No. 642,960 
Filed January 23, 1946 

For ELECTRICAL DEVICES 
APPEAL NO. 23,719 

Applicant's Reply Brief on Appeal 
May it Please the Honorable Board: 

The Examiner’s Statement, which has been filed in the 
above-identified appeal to the Patent Office Board of 
Appeals appears to raise several points which are some¬ 
what different from points which -were previously dis¬ 
cussed in office actions in this case. 

On page 7 of the Examiner’s Statement, the Exam¬ 
iner says: “The net conclusion to the examiner, there¬ 
fore, is that an investigation was initiated by a demand 
for germanium rectifiers of particular characteristics, 
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that priorly the characteristics of such rectifiers differed 
among each other, and that it was hoped that the inves¬ 
tigation would offer an explanation of the reasons for 
the difference among samples.” The above statement of 
the Examiner is at variance with the facts of this ease. 
The state of the art, at the time the work was done 
which led to the present invention, was that a very few 
materials of crystalline nature were known to possess 
rectifying properties. Among the known materials were, 
principally, such things as galena and pyrites. These 
materials have very poor rectifying properties. About 
the only publication which indicated the rectifying prop¬ 
erties of germanium was the Merritt publication, which 
the Examiner has cited against the claims in this case. 
As previously pointed out, Merritt tested only a single 
sample of germanium of unknown purity. He obtained 
results little better than had been obtained with 
124 other known crystals. The Examiner cannot be 
correct in stating that the investigation was ini¬ 
tiated by a demand for germanium rectifiers of particu¬ 
lar characteristics. The investigation was begun, under 
a Wartime contract to find any crystalline rectifier which 
might be usable at high frequencies. None of them ^s 
satisfactory. So, it was not a question, as seemingly 
implied by the Examiner, of knowing that some crystal¬ 
line rectifiers were satisfactory while others were not and 
trying to find the reasons for the differences in per¬ 
formance. The proven facts are that before the work 
leading to the present invention was begun, there were 
no satisfactory crystal rectifiers which would withstand 
sufficiently high voltages in the back direction to make 
them commercially useful. Applicant’s work resulted in 
the first rectifiers which were commercially useful but 
the Examiner says this is not invention, that there is no 
Statutory class into which such improvements can be put, 
and that what Applicant did amounted to nothing more 
than the obvious. 
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The Examiner farther says, on page 7: • • that 

in the investigation of such rectifiers it would be logical 
and obvious first to use germanium of as high purity as 
obtainable by known means and, in order to explain what 
already existed, namely, that some rectifiers were better 
than others, it would not be patentable to conduct an 
investigation to explain why this was so.” Why should 
it be obvious to try to obtain germanium of the highest 
purity when Merritt, the one publication dealing with 
germanium rectifiers, gave no clue as to whether purity 
did or did not have anything to do with the performance 
of the rectifier. Certainly, it must be conceded that Mer¬ 
ritt has no suggestion whatever, that the performance 
of his rectifier might be improved if he had been able to 
obtain more highly purified germanium. As for the Ex¬ 
aminer’s statement that it would not be patentable 
125 to conduct an investigation to explain why some 
rectifiers were better than others, Applicant’s in¬ 
vestigation did not have this end in view. It could not 
have had this end in view, as explained above, since 
there were no different germanium rectifiers to compare. 
It is believed necessary to emphasize again and again, 
in view of the Examiner’s position, that Applicant’s work 
did not consist of an investigation to explain the differ¬ 
ences in already existing materials. Applicant’s work 
included the development of new materials which had not 
been previously available to the art and then, in using 
the new materials, to construct the improved device which 
is being claimed. 

On Page 8, the Examiner has raised a further point 
not previously brought out. He states: “The examiner 
has taken notice of the fact that Merritt conducted his 
research under circumstances where it may be presumed 
that the usual techniques of the skilled research worker 
would be employed and that such basic considerations as 
the use of high purity materials for the specimens would 
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be considered. If it be presumed that, because of tech¬ 
nological difficulties, high purity germanium was not used, 
it would be perfectly obvious that, to anyone later re¬ 
peating his work or carrying on from where he left off, 
one would certainly include in his research high purity 
germanium, if it were available. ” It must be noted 
again that what Merritt might have done has no bearing 
on the present situation. What needs to be considered 
is what Merritt actually did. From the curves which 
Merritt published, we know for a certainty that the ger¬ 
manium which Merritt used could not have been of the 
degree of purity which was found by Applicant to be 
necessary to obtain his results. We also know that 
Merritt did not suggest further purifying of germanium, 
even though he was a skilled research worker. Is a re¬ 
jection to be based on what a research worker should 
have thought or might have thought? 

126 The Examiner also implies, in the statement above 
quoted, that germanium of sufficient purity was 
available to Applicant when he started his research. The 
affidavit of Karl Lark-Horovitz, filed before this appeal 
was taken, includes documentary evidence to show that 
Applicant did not simply test samples of pure germanium 
prepared by a commercial supplier and utilize certain of 
them in making the device claimed herein. The research 
upon which the present invention is based included, first, 
the determination that samples of germanium which were 
being received from the supplier contained certain impuri¬ 
ties, of doubtful identity, which needed to be removed in 
order to achieve success; second, finding out what these 
impurities were ; third, instructing the supplier to prepare 
samples with the harmful impurities removed; then, 
fourth, making the improved device using the improved 
material. 
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Another point which is believed to require comment is 
found in the Examiner’s conclusions on page 11. Here, 
the Examiner says: “The examiner has not considered 
whether the work done by the applicant is a contribution 
to human knowledge but has necessarily recognized that 
much, if not all, of pure scientific research, is not patent- 
able. It seems to the Examiner that the work of Benzer 
falls within this category.” The Examiner has not de¬ 
fined what he means by “pure” research and how to 
distinguish between research which is “pure” and that 
which is not “pure.” Applicant is not claiming a law of 
nature, nor a property of naturally occurring matter nor 
can his work be described only as a discovery of a new 
scientific principle. Applicant is claiming a device. 
Whether the research which led to the making of this 
device can be described as “pure” or not “pure” does not 
appear to be of any consequence. If an applicant is to 
be denied protection for improvements which he makes, 
because the research which led to it can be termed “pure” 
research, some new patent law will have to be writ- 

127 ten to cover the situation. 

Respectfully submitted, 

/s/ W. S. Hill 
W. S. Hill 
Associate Agent 

Camden, New Jersey. 

September 8,1950. 

128 B Paper No. 21 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Address only The Commissioner of Patents 
Washington 25, D. C. 
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Nov 10 1950 

Morris A. Rabkin 
Patent Dept. 

Radio Corp of America 
RCA Victor Div. 

Camden, N. J. 

Notice of Hearing 

The case of Seymour Benzer 
Appeal No: 23,719 
Serial No: 642,960 

will be heard by the Board of Appeals on the 
1st day of May, 1951 

The hearings will commence at 9:30 A.M. and as soon 
as the argument in one case is concluded, the succeeding 
case will be taken up. 

The time allowed for argument is thirty minutes. 

By special leave, obtained before the argument is com¬ 
menced, the time may be extended. 

Very truly yours, 

/s/ John A. Marzall 

Commissioner of Patents 

• • • • 


129 Paper No. 22 

Mailed May 16 1951 U. S. Patent Office Board of Appeals 
Appeal No. 23,719 
Hearing: 

May 1, 1951 CH 

IN THE UNITED STATES PATENT OFFICE 


BEFORE THE BOARD OF APPEALS 
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Ex parte Seymour Benzer 


Application for Patent filed January 23, 1946, Serial 
No. 642,960. Electrical Devices. 


Messrs. Brown, Jackson, Boettcher & Dienner, Morris A. 
Rablrin and William S. Hill for appellant. 


This is an appeal from the decision of the Primary 
Examiner finally rejecting claims 16, 18, 19, 21 and 22, 
and from his refusal to allow claims 23 and 24, submitted 
after the final rejection. No claims have been allowed. 

Claim 23 is illustrative and reads as follows: 

23. An electrical device comprising a body of semi¬ 
conducting germanium of a purity in excess of 99%, a 
contact element establishing electrical contact with one 
surface area of the body, and a metallic conductor in elec¬ 
trical conductive contact with a point on a surface of said 
body, said point being selected to provide the property 
that when a voltage is applied across said device, the 
current-voltage characteristic in the back or high resist¬ 
ance direction exhibits a voltage peak of at least 5 volts 
beyond which peak an incremental increase in current is 
accompanied by an incremental decrease in voltage drop 
across the device. 

130 The references relied upon are: 

Merritt—Proc. NaPl. 

Academy of Science, 

Vol. II ' pp. 743-748 1925 

Ohl 2,402,839 June 25, 1946. 

The appealed claims relate to an electrical device usable 
as a crystal rectifier, and the like, comprising a semi- 
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conducting body of germanium of a purity in excess of 
99%, a contact element establishing electrical contact over 
a large surface on one side of the body of germanium, 
and a conductor in electrical contact with a selected point 
on another surface of the body. The claims contain cer¬ 
tain statements of the results attained if the point contact 
is made at a point which is properly selected. Thus, 
claims 16, 18, 19, 23 and 24 recite that a particular point 
is selected, the point being such that when a voltage is 
applied across the device, the current-voltage character¬ 
istic in the back or high resistance direction exhibits a 
voltage peak of at least 5 volts, beyond which peak an 
incremental increase in current is accompanied by an 
incremental decrease in voltage drop across the device. 
In claims 21 and 22, it is stated that a point is selected 
such that when the potential upon the germanium body 
is negative, the potential upon the point conductor will 
be positive and the current flow through the body at 
voltages of the order of between 1 and 2 volts is high as 
compared to the current flow when the potentials on the 
body and the conductor are reversed and the voltages ap¬ 
plied are in excess of 10 volts. 

The claims were rejected as being directed to an un¬ 
patentable research problem. As we understand the Ex¬ 
aminer’s position in this rejection, it is that the claims are 
not directed to one of the classes of inventions de- 
131 fined by R. S. Sec. 4886 for the reason that it is 
left to investigation and experimentation to deter¬ 
mine which germanium crystals exhibit the desired char¬ 
acteristics and which ones do not, when contact is made 
at selected points. While one phase of appellant’s con¬ 
cept is related to such further experimentation, we agree 
with appellant that the appealed claims are directed to “an 
electrical device,” and thus is an article of manufacture 
within the meaning of R. S. Sec. 4886. The rejection of 
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the claims as being directed to an unpatentable research 
problem is not sustained. 

The claims were further rejected on the article by Mer¬ 
ritt in the proceedings of the National Academy of Sci¬ 
ence in view of the patent to Ohl. Merritt, in his article, 
discloses a crystal rectifier having essentially the same 
physical structure as that disclosed by appellant and in 
which the semi-conducting material employed is likewise 
a body of germanium. The specimen of germanium which 
Merritt used in his experiments was apparently intended 
to be a crystal of pure germanium. The point contact 
was made by a conductor composed of platinum, copper, 
aluminum, zinc or bismuth. The patent to Ohl discloses 
a crystal rectifier having a semi-conducting body of sili¬ 
con and a physical structure similar in other respects to 
that disclosed by appellant. The body of silicon em¬ 
ployed by Ohl is disclosed as being highly purified, the 
order of purity being stated to be at least 99%. 

The Examiner takes the position that Merritt, having 
disclosed the use of germanium which was presumably 
pure as the semi-conducting material in a crystal rectifier, 
it would not involve invention to employ germanium hav¬ 
ing a purity in excess of 99%, especially in view" of 
132 the disclosure of Ohl that silicon having a purity in 
excess of 99% possesses advantages over silicon 
of lesser purity in crystal rectifiers. The Examiner points 
out that silicon and germanium lie in the same chemical 
group in the periodic table of elements and that the two 
elements have the same crystal structure. He believes 
that these circumstances would lead one, without the 
exercise of invention, to experiment with germanium in 
the same manner that Ohl discloses in the case of silicon. 
Appellant contends that the article by Merritt contains no 
suggestion that the rectifying properties of germanium 
may be further improved by further purification of the 
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germanium employed. He argues that the mere fact that 
germanium and silicon both belong in the same chemical 
group in the periodic table is no reason for assuming that 
these two elements would have similar electrical rectifying 
characteristics. He states that, by the same token, there 
would be an equally strong suggestion that the elements 
carbon, tin and lead would also have rectifying properties, 
since these elements are also found in the same chemical 
group. 

We agree with the Examiner that, insofar as positive 
structure is included in the rejected claims, they are un¬ 
patentable over Merritt in view of Ohl, or even over Mer¬ 
ritt taken alone. No invention is involved in using ger¬ 
manium having a greater degree of purity than that con¬ 
templated by Merritt, if in fact appellant’s germanium 
can be said to be of greater purity. While it may be 
true, as contended by appellant, that generally it would 
not be expected that the electrical rectifying character¬ 
istics of two chemical elements lying in the same group 
in the periodic table would be similar, the suggestion in 
the present case is explicitly expressed by Merritt in his 
article on page 743 where he states: 

133 “The high thermo-electric power of germanium; 

the fact that in MendeleePs series Ge falls in the 
same group as Si, which is one of the best rectifying ma¬ 
terials known; and the further fact that Ge and Si have 
the same crystal form, all lead us to expect that germa¬ 
nium contacts will show rectifying properties. This expec¬ 
tation has been confirmed bv tests made with a specimen 

" m 

of this rare metal weighing twelve grams which was 
loaned to me bv Professor L. M. Dennis.” 

In view of this statement by Merritt, we do not believe 
it would involve invention to employ germanium having 
a purity in excess of 99%, especially in view of the ad- 


vantages disclosed by Ohl arising from the use of silicon 
having a purity in excess of 99%. The rejection of claims 
16, 18, 19 and 21 to 24 on Merritt in view of Ohl is sus¬ 
tained. 

The claims were further rejected as being functional 
in that they contain insufficient structure to support the 
functional statements in the claims. The Examiner takes 
the position that the claims are article claims and that the 
only physical structure recited is a semi-conducting body 
of germanium having a purity in excess of 99% and two 
electrical contacts, one of which is a point contact. The 
Examiner explains that it is common practice to explore 
the surface of a crystal rectifier with the point contacting 
element to find a particular location which gives the 
desired results. The appellant contends that since every 
point location on the surface of a semi-conducting body of 
germanium does not exhibit rectifying properties, it seems 
proper to include instructions in the claims for locating 
the position of the contact electrode. He urges that since 
the contact electrode cannot be located with respect to 
any visual characteristic of the surface of the semi-con¬ 
ductor, it is necessary to define its location in some other 
manner. He states that the location can be most 
134 conveniently defined by reciting the location which 
will produce a particular electrical characteristic. 
He explains that he is unable to define his semi-conducting 
material in chemical terminology, because it is not known 
which impurities (so-called) remain in the germanium to 
produce the desired activation, nor in what amounts such 
impurities are desirable, other than that the total impuri¬ 
ties should be less than 1%. He states that the germa¬ 
nium employed by him had been prepared to be substan¬ 
tially 100% pure and the degree of purity was such that 
spectroscopic tests revealed no more than mere traces of 
other elements. He contends that the only tests which 
can be relied upon are tests of electrical properties, such 
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as electrical conductivity and resistance. In his brief, he 
states that the germanium samples found to have the 
desired properties were those in which the germanium 
had a purity in excess of 99% and which contained no 
trace of aluminum, gallium or indium. In the specification 
it is stated on page 10: 

“It will be understood that not all impurities in ger¬ 
manium are suitable for practising my invention, but that 
by following the above avenues a suitable number of satis¬ 
factory germanium crystals from the above sources may 
be found by the expedient of probing of the surfaces 
thereof with a whisker or electrode with a suitable source 
of potential between the crystal and electrode. As a fur¬ 
ther observation it is to be noted that the quantity of 
impurity is exceedingly small since the effects are found 
in germanium of supposedly pure character prepared by 
refining or reduction processes intended to produce the 
pure substance.” 

The claims on appeal, however, merely define the ger¬ 
manium as being “of a purity in excess of 99%.” Such 
definition does not exclude 100% pure germanium, nor 
does it define what element, if any, is required to be pres¬ 
ent to serve as an activator. Nor does it exclude 
135 the presence of aluminum, gallium and indium. It 
appears that the crux of any contribution appellant 
has made is omitted from the claims, and each of the 
claims appears to be nothing more than a statement to 
the effect that by using germanium having a purity in 
excess of 99%, one can obtain, by sufficient experimenta¬ 
tion, samples here and there which will be useful as elec¬ 
trical rectifiers. In our opinion, such claims are clearly 
indefinite and functional. In re Riemenschneider, 1933 
C. D. 526; 18 USPQ 25. 

Appellant urges further that he has made an important 
contribution, but that there is difficulty in defining the 
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same. Be that as it may, appellant is required by R. S. 
Sec. 4888 to particularly point out and distinctly claim 
the improvement which he claims to be his invention or 
discovery. As stated in United Carbon Co. et al v. Binney 
& Smith Co., 1943 C. D. 758, 764; 55 USPQ 381, 386: 

“Whether the vagueness of the claim has its source in 
the language employed or in the somewhat indeterminate 
character of the advance claimed to have been made in 
the art is not material. An invention must be capable of 
accurate definition, and it must be accurately defined, to 
be patentable.” 

Appellant suggests that the functional statement in the 
claims may be interpreted as a “whereby” clause if de¬ 
sired and that it may be regarded merely as adding to the 
definition of the structure recited in the claims. It ap¬ 
pears that any result or function in this part of the 
claims is a result to be desired in the completed device. 
They are not, therefore, limitations in the nature of the 
germanium to be employed as the semi-conductor or in 
the physical structure of the device, but they are results 
or functions found in the completed structure and, 
136 as such, they cannot be relied upon to confer pat¬ 
entability to the claims. In re Lloyd, 1949 C. D. 
103; 80 USPQ 499; General Electric Co. v. Wabash Ap¬ 
pliance Corp. et al, 1938 C. D. 813; 37 USPQ 466. The 
rejection of claims 16, 18, 19, and 21 to 24 as being func¬ 
tional is sustained. 

The decision of the Examiner is affirmed. 

In event of appeal attention is directed to In re Boyce, 
32 CCPA 718; 144 F. (2d) 896; 1944 C. D. 609; 568 0. G. 
568; 63 USPQ 80, in regard to specifically including in 
the appeal notice all grounds of rejection in the Examin¬ 
er’s Statement not expressly overruled by the Board. 

/s/ F. J. Porter 

Examiner-in-Chief 
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/s/ H. B. Freehof 
Examiner-in-Chief 
(Acting) 

/s/ R. G. Wilson 

Examiner-in-Chief 

(Acting) 

Board of Appeals 

May 16, 1951 

Mr. Morris A. Rabkin 

Patent Department 

Radio Corporation of America 

RCA Victor Division 

Camden, New Jersey 

137 Mail Division Oct 10 1951 U. S. Patent Office 
U. S. Patent Office Oct 11 1951 Division 10 
U. S. Patent Office Received Oct 15 1951 Div. 48 
UNITED STATES PATENT OFFICE 
Applicant: Seymour Benzer 
Invention: Electrical Devices 
Serial No.: 642,960 
Filed: January 23, 1946 
Div. 10 
Room 6616 
Case 2 

53 West Jackson Blvd. 

Chicago 4, Illinois 

Revocation of Appointment of Associate 
Attorneys and Associate Agent 

Hon. Commissioner of Patents 
Washington, D. C. 

Sir: 

In the matter of the above identified application, the 
undersigned hereby revoke the appointment of associate 
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attorney to Samuel B. Smith, the appointment of asso¬ 
ciate attorney to Morris A. Rabkin, and the appointment 
of associate agent to W. S. Hill. 

It is respectfully requested that all future communica¬ 
tions with respect to this application be addressed to the 
undersigned attorneys. 

Signed at Chicago, County of Cook, State of Illinois, 
this 9th day of October, 1951. 

Brown, Jackson, Boettcher & Dienner 
By /s/ John A. Dienner 

Attorneys for Seymour Benzer 

138 Paper No. 24 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Oct 16 1951 Patent Examining Division 48 

Address only The Commissioner of Patents 
Washington 25, D. C. 

All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ John A. Marzall 
Commissioner of Patents. 

MORRIS A. RABKIN 
Patent Dept. 

RCA Victor Division 
Radio Corp. of America 
Camden, N. J. 

Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed Jan. 23, 1946 
For ELECTRICAL DEVICES 
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Yon are hereby informed that the associate power of 
attorney to Morris A. Babkin in the above-entitled case 
was revoked on October 10, 1951 by Brown, Jackson, 
Boettcher and Dienner. 

/s/ S. Bernstein 
Examiner 

139 Paper No. 25 

DEPARTMENT OF COMMERCE 
United States Patent Office 
Washington 

Address only The Commissioner of Patents 
Washington 25, D. C. 

Mailed Oct 16 1951 Patent Examining Division 48 
All communications respecting this application should 
give the serial number, date of filing, and name of the 
applicant. 

Please find below a communication from the EXAMI¬ 
NER in charge of this application. 

/s/ John A. Marzall 
Commissioner of Patents. 

WILLIAM S. HILL 
Patent Dept. 

RCA Victor Division 
Radio Corp. of America 
Camden, N. J. 

Applicant: Seymour Benzer 
Ser. No. 642,960 
Filed Jan. 23, 1946 
For ELECTRICAL DEVICES 

You are hereby informed that the associate power of 
agent to William S. Hill in the above-entitled case was 
revoked on October 10, 1951 by Brown, Jackson, Boett¬ 
cher and Dienner. 

/s/ S. Bernstein 
Examiner 
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140 #26 

Address only The Commissioner of Patents 
Washington 25, D. C. 

DEPARTMENT OF COMMERCE 

United States Patent Office 
Washington 

Re: Application of Seymour Benzer 
Serial No. 642,960 
Filed January 23, 1946 
For: Electrical Devices 

Notice of Civil Action Under Section 4915 R. S. 

A civil action under Section 4915 R. S., entitled Purdue 
Research Foundation, a Corporation, and Seymour Ben¬ 
zer, v. John A. Marzall, Commissioner of Patents, Civil 
Action No. 4658-51, involving this application, was filed 
on November 9, 1951, in the United States District Court 
for the District of Columbia. 

/s/ E. L. Reynolds 
Solicitor. 
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IMTIRCOM. 



w the TRANSMITTER, a Type 1N3* SYLVANIA GER¬ 
MANIUM DIODE rectifies the audio modulating volt* 
igc, to provide a variable d-c bias for automatic gain con¬ 
sol. Use of such a circuit helps prevent over-modulation 
'bile maintaining a high average audio level. The result 
-voices of the train crews are transmitted clearlv. evenlv. 



• V UMITEH 


1 if 
AMP. 
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TO ' 

ICAUOtO 


IN THE RECEIVER, another SYLVANIA GERMANIUM 
DIODE. Type 1N34. provides a delayed noise-gate action 
which suppresses undesired noise interference in the re¬ 
ceiver output. Hence, only signals of usable amplitude 
will actuate the squelch circuits and the receiver is kept 
essentiallv silent in the absence of a carrier. 



Um 




IMPROVE PERFORMANCE OF FARNSWORTH VHF 
RAILROAD COMMUNICATIONS EQUIPMENT! 


^se of Sylvania Germanium Diodes may improve 
performance of your equipment, too—or sim¬ 
plify its design, reduce its size and weight. Techni¬ 
cal literature is available to help you start your 
planning. 

GET THE FACTS ON TV USES TOO! 


SYLVANIA 

ELECTRIC 

£7^Cfroriif % IK* f IfOO fifth Atinue. 
m X A lit. ^. ). 
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'CIKONIC DEVICE .. HA0IO luiltv CATHODE KAY TUHEb. “MQI Ol AMI”. 
JOKE .CENT LAM Kb. HXTUKf« WIKINC OtVICtS. EUCTkIC t If.H I I'J.rt' 


&*CTRON ICS —December, 1949 
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INTERNATIONAL 

RECTIFIER 

CORPORATION 
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Features: 

1. Kuggtdiztd construction 

2. Welded anchor pins 

3. Triple moisture protection 

4. Self-insulating case 

5. Vibr a t i on resistant 

6. Shack resistant 

7 . Higher efficiency 

t. Stability of characteristics 
9 . No flaking 


\ 


W' 


All types 
available 
for prompt 

sblpmeat 
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ON EXHIBIT. BOOTH 4-814 

I.R. E. SHOW 

GRAND CENTRAL PALACE 
NEW YORK CITY. MARCH 2T-26 


HUGHES 

[/GERMANIUM DIODES ffl glass 


i 



2 


huohw Gkhmaniuh Dioukw were 
developed and produced to meet exacting 
requirements in airborne electronic equipment 
for navigation, fire control, and guided missiles. 
In addition to the advantages of germanium 
diodes over vacuum tubes. Hughes Germanium 
DiOOES exhibit these outstanding characteristics: 


1 


Each hermetically sealed 
Hughes Diode is humidity 
cycled in saturated water vapor 
tram +90*C to -71 *C.. and 
then oscilloscope-tested for 
humidity penetration. 


Each Hughes Diode is sub¬ 
jected to JAN shock tests and 
then in spe ct ed under vibration 
for the familiar electrical in¬ 
stabilities—hysteresis, drift, and 
totter . Each diode is aped and 
then ratasps ct cd for stability 
of electrical characteristics. 


V 

if 

i 




THERMALLY STAS 

The Hughes Diode is designed 
to reduce differential expan¬ 
sion which would cause insta¬ 
bility of electrical character¬ 
istics with fluctuations in tem¬ 
perature. Each diode is tern* 
perature cycled and then tested 
to assure that the operating 
temperature range is limited 
only by inherent character¬ 
istics of germanium itself. 


•USM INI ATURIZEO 

The Hughes Diooe is designed 
for maximum space economy. 


ELECTRICAL SPECIFICATIONS AT 25* C. 



Minimum 


P*p4t 

Forwprd 

Mpaimwm 

RTMA 

InvPfb# 

Currant 

Back Current 

Tj*# ^ 

VollPfP ot ♦! volt—m#. mp. (void) 

1N95S 

190 

0.0 

0.5 (-190) 

1N70A 

130 

3.0 

0.025 (-To ): 0.3 (-50) 

1N«7A 

100 

4.0 

0.005 (-6 h 0.05 (-50) 

lfcSlA 

90 

3.0 

0.01 (-10 ) 

INS9 

100 

3.5 

aoos(-s )7o.i "(—50) 

1N6SA 

130 

3.0 

0.525 (-100) 

1M69A 

70 

0.0 

0.05 (-10 ): o!ss (-50) 

JN90 

00 

3.0 

OS (-50 ) 


*NOTE: It hat 
son U tit* 


towns that Hugh#* DMaa will lupaort 
»•<«•€• mum cootiflMMMir at 25* C. 


Because of expanded production capacity. Hughes 
Diooea are now available for commercial sale. 
Moderate quantities can be delivered from stock. 
Hughes Diodes are classified in accordance with 
RTMA specifications, and also art supplied to 
special customer specifications, including high 
temperature electrical requirements. 

SEMICONDUCTOR 

DEPARTMENT 

hughes 

Aircraft Company, Culver City, California 


tm 


m 
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ELECTRONICS 

DIVISION 


GENERAL ELECTRIC 


ELECTRONICS PARK 
SYRACUSE, N. Y. 


GERMANIUM PRODUCTS 

WELDED GERMANIUM DIODES 


WELDED CONTACT 
LOW SHUNT CAPACITY 
INSULATING CASE 
SMALL SIZE 


f 




LONG LIFE 
NO FILAMENTS 

HIGH RECTIFICATION EFFICIENCY 
HIGH MOISTURE RESISTANCE 




ELECTRICAL 

CHARACTERISTICS 

AT 2S°C 



Max. Inverse 

Min. Forward 

Designation 

Current (MA) 

Current (MA) 

RTMA 

G-E Al 

’ —50v At —lOv 

At +lv 

1N48 

G5 

.833 

4.0 

1N51 

G5C 

1.667 

2.5 

1N52 

G5D 

.150 

4.0 

1N63 

G5E 

.05 - 

4.0 

1N64 

G5F 

Min. 100 uo dc load current in sped- 



fic 44 MC second 

detector circuit. 

1N65 

G5G 

.20 

2.5 

1N69* 

G5K 

.85 .05 

5.0 

1N70* 

G5L 

.30 .025 

3.0 

1N72 

G7 

Noise figure 14 to 

19 db in specific 



500 MC converter circuit. 

1N75 ~ 

G5M 

.05 

2.5 

1N8I * 

G5P 

.01 

3.0 




MAXIMUM RATINGS AT 25°C 


Peak 

Invert* 

Voltage 


Continuous 

Revert* 

Working 

Voltog* 


Average 

Roct. 

Current 

(MA) 


Peak 

Rect. 

Current 

(MA) 


Ambient 

Temperature 

Rang* 


/Udo 


85 70 50 150 • 50 to +75*^ 

50 40 25 100 — 50 to -f75°C 

85 70 50 150 -50to+75’C 

125 100 50 150 - 50 to +75"C 

20 - 50 to +75 C 

85 70 50 150 50*o +75'C 

75 60 40 125 - 50 to+75"C 

125 100 30 90 70‘CMo*. 

25 75 70 c C Max. 

125 100 50 150 — 50 to +75"C 

50 40 30 90 70 CMo*. 


'Jon Typei 

MATCHED PAIRS of 1N48, 1N52, 1N63, and 1N75 — forword currents within 10% of smaller current at —I volt. 

QUADS TYPES 1N73 ond 1N74 —Four carefully matched diodes for ring or bridge modulotors mounted and hermeticolly seoled in 
6H6 tube shell. 

TRANSISTORS - Types Gil and G11A-G11 Roted for 17 db power gain of 1 kc — G11A tested for base current characteristics 
suitable for trigger circuits. 

DIFFUSED JUNCTION GERMANIUM POWER RECTIFIERS 



Diffused junction power reciifiers—new products in the semi-con- 
.ductor field—pioneered by General Electric. These revolutionary 
devices have characteristics heretofore unachieved by other recti¬ 
fiers, including semi-conductor as well as thermionic types. 

Consider these odvontoges: 

* 1) Low forward resistance; only 2 to 2.5 ohms per junction at 

full lood. 

2) High reverse resistance; 500,000 ohms is typical ot roted 
inverse voltage. 


3) High peok inverse: up to 200 volts for a single junction. 

4) Long life. 

5 ) Sealed against moisture. 

These diffused junction rectifiers may be supplied with pigtails for 
soldering directly into a circuit. They can be connected in series or 
parallel when higher inverse rating or higher output current are 
required. While these devices are rated up to 50 KC, they have been 
found to give efficient operotion up to 100 KC. 

It is to your advantage to consider them in any application which 
requires a rectifier of the very highest efficiency. 


DESCRIPTIONS AND MAXIMUM RATINGS 


Type G-10 

Type G-10A 

Type G-10B 

Type G-10C 

AMBIENT TEMPERATURE 

40° C 

55° C 

msa 

25° C 

40° C 

25° C 

40° C 

25° C 

1 40° C 

RMS Input Voltoge (Mo*.) —Volts 

130 

130 

130 

32 

32 

50 

50 

65 

mm 

RM$ Current (Max.) —Amps 

1.2 

1.2 

.2 

.6 

.5 

.6 

.5 

.6 


D-C Output Current (Max.) —Ma 

400 

350 

50 

200 

150 

200 

150 

200 

150 

D-C Surge Current (Mox.) —Amps 

25 

20 

2.S 

10 

8 

10 

8 

10 

8 

Peok Forword Current (Mox.) —Amps 

3 

3 

.5 

1.5 

1.2 

1.5 

1.2 

1.5 

1.2 

Peok Inverse Voltoge (Mox.) —Volts 

400 

400 

400 

100 

100 

150 

150 

200 

200 

Full lood Voltoge Drop (Mox.) —Volts 

1.5 

1.4 

1.3 

.8 

.7 

.8 

.7 

.8 

.7 

Operating Frequency (Mox.) —Kc 

50 

50 

50 

50 

50 

50 

50 

50 

50 




GERMANIUM DIODE HANDBOOK — 1952 Edition ... 5th Printing 


New chorts, complete specifications on G-E germanium diode 
products — all in this 100-poge loose-leaf leatherette book. 
Contoins diode and rectifier characteristics ond opplicotions, 
curves on resistance, voltage, temperature, efficiency, circuit 
diagrams covering AM, FM ond TV receivers, radar, corrier 
current. 


This book is worth many times its cost to electronics designers, 
engineers and manufacturers. We will send it to you for 51.25 
postpaid. Send check or money order to: Generol Electric 
Compony, Section 862, Electronics Park, Syracuse, New York. 


Electronics buyers* guide — June , 7952 —mid-month 































Univac election prediction proves 
99% accurate! 


J UST two hours after the first 
polls had closed. Remington 
Rand's giant electronic compu¬ 
ter predicted the election results 
almost to the actual electoral 
vote! UNIVAC accepted a mere 
three million vote count at 9:15 
p.m. and juggled it with avail¬ 
able "trends” over the past 25 
years to uncork an answer since 
proven 99/c correct! 

16,000 G-E DIODES USED 

What does this amazing me¬ 
chanical mind consist of? Uni- 
vac's makers in Philadelphia 
tell us that "90r< of di 
odes used in the sys- 


r\\ 


tern are G-E, and without them, 
the equipment couldn't operate.” 

NEW CIRCUITS POSSIBLE 

Recently announced G-E Dif¬ 
fused Junction Germanium Rec¬ 
tifiers open the door to even 
greater advancement in circuit 
design for this and similar 
equipment. G-E Junction Recti¬ 
fiers feature extremely low for¬ 
ward resistance, high inverse 
voltage, hermetic seal, and mini¬ 
ature size. Their application 
may result in units that will 
do more work.more 


fP* 

ut» 


V- 




v\- efficiently.less 

1,11 expensively. 


0» UlLTIiCAt 


L GENERAL 


ELECTRONICS — February, 1953 




DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 

Developed for radar and mili¬ 
tary communications. May be 
applied to computers, mag¬ 
netic amplifiers, TV receiver 
power supplies, telephone 
switchboards, and many other 
electronic fields. 


NEWS FROM OUR ADVANCED 
DEVELOPMENT LABORATORIES 

G-F scientists have tested spe¬ 
cially made germanium junc¬ 
tion rectifiers and transistors 
at 1-1(>”C. Results indicate new 
products mav be usable at 
higher temperatures. 


ELECTRIC 


Wont more mtormotion’ Use post cord on lost poqc 


SIND FOR THESE 
FREE BULLETINS 

... on G£ Diodes ond 
Junction Rectifiers. Gen. 
rrol f/ecfric Co . Section 
413. Electronics Pori, 
S/rocuse. New Fork. 
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Germanium Diodes 


Precision made, easy to handle, easy to assemble - tho 
toporod shop# shows polarity at a glance! Make Radio 
Receptor Germanium Diodes your first choice in tho largo 
variety of electronic circuits where JAN types are a must. 


1N69 

INTO 

1NSI 


TYPICAL USES 

COMPUTOR CIRCUITS 
CLAMPING CIRCUITS 
RF DETECTORS 
CONTROL CIRCUITS 
DISCRIMINATORS 


MODULATORS 
NOISE ELIMINATORS 
CLIPPERS 
LEVEL SETTERS 
RESTORER CIRCUITS 


JAN TYPES • 

All VALUES MEASURED AT 25*C. 



Mie. Forward 
Caneatat 

1 VoH(«U) 

Max. Reverse 
Carnal 

(Mkra-Amperes) 

‘Averofe 
Rectified 
Current 
(MA Max.) 

tMMmom 

Reverse 

Volts 

Rax. Cm». 
Reverse 
Operating 
Veits 

1N49 

5.0 

SO <&- 10V 

150 @-S0V 

40 

75 

40 


lactifkatiaa effidaacy: 35% minimum ia 100 MC test drtwit. 


1N70 

3.0 

25 @-10V 

300 50V 

30 

125 

100 

EM 

3.0 

10 @-10V 

30 

50 

40 


'Averoft half wave rectified current at 40 CPS and 25 *C. Coated 

M fer ratines at ether conditions, 
tfdr zero dynamic resistance. 


Radio Receptor Germanium Diodes may hold the answet 
to many of your problems. Our engineers will be glad 
to study your requirements and submit their recommen¬ 
dations. Many other types, both standard and special. 


are available... Write us! 


RADIO RECEPTOR COMPANY, INC. 


IN visi+n I Stoee IMS in Radle and Clceirenin OgD 

I SALES DEPT: 2S1 West 19th Street New Yarii 11. N. Y. • FACTORY: $4 North 9th Street. Brooklyn 11. N. Y. 


Iht past corO m M 


March, 1953 — ELECTRONICS 
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Germanium Diodes 


pol arit 


r AT A OLA NCt! 


Keynoting sound design features and simplicity in construction, 
the new Radio Receptor Germanium Diodes will give a maximum 
of trouble-free operation even under the most adverse conditions. 

Normally in diodes such as these, one side of the germanium 
wafer is plated so that it may be soldered to the base ... but Radio 
Receptor’s improved production methods make it jsossiblc to omit 
plating, thus eliminating possible flaking and improving quality. 


Mat tar cUp 


/ 

TlaaaS win 


■asagaa Mil art- 
Mats rtMiac fa- 
tilitstas totollag. 


Mftails art sr topaA 
la Jtartjr atakal ala 
aat wtlSsi far 
ttraac aaraiaatat 
caaaactlaa. 



arataatlaa acalast 
mas aat awtstars. 



ws E ls S pfeaaalic wit* 

5 law fittar Maws 
Iractiaa af aarraat 

flaw 


ta Marat t tract ta 
toss. Vatar is aat 
Plata*. 


COO« MO 

MINIMUM 

Cuatitat 

AT 1 VOtT 
POttWAOO MA 

MAXIMUM 

CUttlNT 

AT 10 VOiT# 

tlVItSI MA 

MINIMUM 

cuatiNT 

AT >0 VOlTS 

•fvltsi MA 

AVftAOl* 
•ICTilllO 
’CVOINT MA 

IN 48 

4.0 


0.SJJ 

50 

INSI 

2.5 

— 

1.667 

23 

IN32 

4.0 

— 

0.130 

50 

IN 33 

4.0 

— 

0.030 

30 

IN 34 

Minimum DCcurr.nt in44 MC r«ctlft«r It 100 

©• 

IN8S 

2.S 

— 

0.200 

30 

•IN39 

5.0 

0.050 

0.930 

40 

•IN70 

J.O 

0.023 

0.300 

30 

IN73 

2.0 

— 

0.030 

50 

tlNSI 

3.0 

0.010 


30 


MINIMUM 

INVltSI 

MAX 

VOITJ 


•JAN approval p«ndlnp. 


tJAN approved. 


JAvorapo half wav# rectified current at 60 CPS and 25* C. Consult u* for 
ratlnp# at oth#r condition#. 


The distinctive tapered shape of the glass-filled 
phenolic cartridge body indicates the direction of 
current flow, while the hexagon form assures case 
of handling — Prevents rolling, especially when 
the leads are cut of? to permit mounting the diode 
in clips. 

Submit your germanium diode application 
problems to us ... • U'c’ll be glad to ma^e rec¬ 
ommendations without obligation! 


Mi 


Germanium Transistors are coming! 

. . . WATCH FOR OUR ANNOUNCEMENT SOON 

RADIO RECEPTOR COMPANY, INC. 
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News—New Products 


n*M meMvfecturer* lux lavtt.d PROCEHUNCS 
ruder* to writ* for literature and farther technical 
information. flees* mention your I.R.E. affiliation. 

(Continued fr,»n fyiye 1J*>A) 


Tube Tester 

Anlco Manufacturing Co., Inc., 7.M 1 \V. 
Burleigh St., Milwaukee 10, Wise., an¬ 
nounces a new tul»e tester intended pri¬ 
marily for the service trade, lntt which can 
be used in tul>c f>r sot manufacturing 
plants. 


220 A-12 
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Many of the time consuming switching 
and selecting operations, together 
usual tube selector charts, have " 
eliminated. Composed of only one meter 
with a single scale, this tube tester s ows 
a positive “good" or “lad" tube condition. 
Picture tubes can l>e tested through a 
single adapter cord and plug while m the 
receiver chassis. No special training is 
needed to operate the tester -controls 
have been reduced to an absolute nmu 
mum. 


Booster 

Blonder-Tongue Laboratories, Inc. 

527 North Ave.. Westfield. N. b h j ,s “ new 
ully automatic l>oostcr. N !™ c lificr 
-isting at $.59.50, this 3 -stage TV amph 
trill deliver gain in excess of 18 <»> o e . 

:hanncls. 


Featuring a new tow-no^ a^^ 
Blonder-Tongue boos^’j l < J, 
stantially improved P ' tunr c Uinis signal 
TV tuners. The manufacture 
gain exceeds that of 

In this new ** y 0 * both 
dual triodea operate 
high and .low bands to provide 

PJtOCMMDINCS Or THt 




MODEL T-61 

Measures small signal jaram- 
eters of lmth jioint contact 
and junction transistors from 
which all other low trcnicncy 
small signal pr«.|icrties may 
lie computed. 

For point contact Transis¬ 
tors. it measures the crptiva- 
lent circuit resistances. 

Measures alpha directly. ( AI- 
plia is the short circuit cur¬ 
rent gain.) 

For junction Transistor*, it 
measures a different set of 
parameters from which all 
others may Ik- computed. 

DIRF.CT RFADIXr., not 
a null instrument, making it 
easy to measure parameters 
as a function of the operat¬ 
ing point. 

A switch is provided to se¬ 
lect the parameter to Ik* 
measured. 

An additional switch jiermit* 
the selection of the range of 
this parameter. 

Accuracy in measuring pa¬ 
rameter under test is 2Vr. 


POINT CONTACT TRANSISTORS 

SPECIFICATIONS 


Type 

2A 

2B 

= 1 ma, I«* = -2 ma) 

-3 v max. 

-3 v max. 

= -40 v. I- = 0) 

-2 ma max. 

-2 ma max. 

— t ma, I r — -5.5 ma) 

-4 v max. 

4 v max. 

- 10 V. Vr = 0) 

-,o<> ma max. 



5(K) olimx max. 


- i ma. Vr = -10 v) 


500 ohms mas. 

— | ma, Vp r= -10 v) 


800 ohms max. 



15 K ohms min. 

= I ma, Ve = • 10 v) 


10 K ohm* min. 

ma. Vr = -30 v) 

1.5 mitt. 

l.S min. 

>5 ma. V'p := - 30 v) 

2.0 nun. 

2.0 min. 

, 1 ma. Vr = - 30 v) 

0.3 max. 



Typ- -C •• 


I lilt /rmanto .w.lr* trill 0.2 mirr—rrnndt fit* li«». Type 2D li m high 
mmplifirr t.«A •» •Iph. tmfg */ 2 -r. 


COU BONDED GERMANIUM DIODES 




Typ# 1A, IB « 1C 
Cold Bonded Diode* /' 



^ I actual size 


Typo 1 Al, 101) 4 10 
Gold Bonded Diode* 


Type (»mail body) 

Type (Urxe body) 

Korward current. 1 v. drop 
Korward voltane drop. 1 ma. 
Reverse current, 5 v. 
Reverie current, IS v. 


SPECIFICATIONS 


1 A 
1 Al. 

00 ma. min. 
.27 max. 
ton j,a. max. 
210 jaa. max. 


I B 
1 BI. 

•tO ma. min. 
..12 max. 

100 Ma. max. 
250 jia. max. 


now* QTmoicTo* 

t C 


l Cl. 

20 ma. min. 
.25 max. 
100>a. max. 
2S0 oa. max. 


In addition to the obey*. fold bonded units of the tame physical characteristics which 
•lectrkolly equivalent to ony of the s ta nd a rd permonium diode typo* In current 
*** __ a |*« available. The following additional type*: 1N3B, 1N4B, 1N52, 1N63. 1N49, 
Tlirn 1NB1 oreevo noble far Iwano d loto delivery. 



TRANSISTOR PRODUCTS 

Snow and Union Sts., 6 -c'""" 


inc. 

Boston 35 , Moss. 




















Germanium Diodes 

Guaranteed Moisture-Proof! 



Mechanical Specifications 


A. .020" towtro 

A. NfcW-Ov«r 

C. OU m Mo d ptmtMc n» 

•. «rr^* *•**•'■•* dkoetty to koto 

E. .003" *»»»*■« tot wU+or 
9. MoUNr»-r ; t ■»—« w» 


GENERAL PURPOSE 
TYPES 

1N48 
1N51 
1N52 
1N63 
1N64 
1N65 
1N69* 

. 1N70' 

1N75 
1N8V 

"JAN TYPES 


f WHY CBS-HYTRON GERMANIUM 
DIODES ARE BETTER RECTIFIERS 

1 MOISTURE-PROOF . . . eliminate* hu¬ 
midity and contamination problems 

2. SELF-HEALING . . . •elf-recuperating 
1mm temporary overloads 

3. SUBMINIATURIZED ... only H inch 
long, ii fiich in diameter 

4. SOLDERED WAFER . . . omission of 
plating eliminates flaking 

5. tOW SHUNT CAPACITY... 0.8^fd 
average 

& SEIF-INSULATING CASE ... mounts 
as easily as a resistor 

7. EXCEPTIONAL UFE ... 10,000 hours 
minimum under rated conditions 

8. NO FILAMENTS ... low drain, no hum 


Vital germanium wafer in a CBS-Hytron diode is guaranteed Moisture-proof. 
Sealed against deadly moisture . . . fumes . . . and contamination, a CBS- 
Hytron diode keeps moisture where it belongs... out! First, by a chemically 
and electrically inert impregnating wax. Second, by a glass-filled phenolic 
case. With moisture-proof CBS-Hytron germanium diode*, you can be sure of 
maximum trouble-free life. 

Superior techniques also permit CBS-Hytron to omit plating of the ger¬ 
manium wafer. Soldering is directly to the base. Thus flaking is eliminated 
and quality improved. Universal design of CBS-Hytron diodes follows Joint 
Army-Navy specifications. “Clip-in” feature gives you versatility, rugged- 
ness, and electrical stability. Flexible pigtails of copper-dad steel wdded into 
sturdy nickel pins also insure you against damage by soldering heat. 

Check the eight important-to-you re as on s why CBS-Hytron moisture-proof 
germanium diodes are better rectifiers. Send today for complete data and 
interchangeability sheets. Specify CBS-Hytron guaran te e d moisture-proof 
diodes for superior, trouble-free operation. 



SAUM. MASSACHUSETTS 


PROCEEDINGS OF THE I.R.E. 
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Filed Jun 2 1953 Harry M. Hull, Clerk 

Plaintiff’s Exhibit No. 4 
Taken from “40 Uses for Germanium Diodes”. 

Prepared by Sylvania Electric Products Inc., Electronics 
Division, 1740 Broadway, New York 19, New York. 

FOREWORD 

The crystal detector is almost as old as radio itself. In 
every generation since the early days of wireless, thou¬ 
sands of enthusiastic adults and youngsters have con¬ 
structed crystal sets and picked up signals with them. 
The fascination of the crystal seems to be endless. 

For a long time after vacuum tubes became sufficiently 
low-priced for experimenters to afford them in numbers, 
the crystal came to be looked upon as a fragile novelty 
with few practical applications outside of the toy radio 
receiver field. By the end of World War II, however, 
the highly stable germanium crystal diode was available. 
This device, typified by the popular Sylvania 1N34, has 
restored the crystal to a position of importance in the 
electronic field. Many useful tubeless devices now may 
be constructed around crystal diodes. 

Sylvania has carried on considerable research into the 
production of better germanium diodes and from time to 
time has published pamphlets showing new and interest¬ 
ing applications of these crystals. This latest booklet 
brings together the largest published collection to date of 
miscellaneous crystal diode applications. 

In this booklet will be found receiver, transmitter and 
amplifier applications, instruments, and gadgets. It has 
been our aim to present a variety of applications in 
each of which one of the various distinct groups of 
radio people might find interest. The casual hobbyist 
and young experimenter will find on these pages inter- 
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esting gadgets he can build—and the serious technician 
will find time-saving devices and simplified circuits to 
serve him. 

No license is to be implied with respect to any inven¬ 
tions described herein, and no responsibility is assumed 
for the application or interpretation of the information 
contained herein, or for any infringement of patent or 
other rights of third parties which may result from the 
use of that information. 

All of the circuits described have been tested and 
proved. Since it has been impossible to include every 
possible crystal application, we have selected the most 
generally useful ones from our large collection. 

SYLVANIA ELECTRIC PRODUCTS INC. 
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Germanium 

Crystal 

Kectifiers 

I he compact pigtail construction of the ger 
inanitim crystal reeliHer as outlined in Fig 
lire 1 enables it to be readily soldered into 
plac e without the use of sockets. Although this 
get inanitim crystal was designed primarily 
lor use as a second detec tor or d-c restorer at 
a Irecjuency of .SO megac yc les, it operates very 
satisfactorily over the Irecjuencv range from 
direc t current to considerably above (>() mega- 
, ^ * Ina. iluic h is its capacity is very low, 

its electrical time constant is small. Its high 
impedance in the reverse direc tion along with 
very low lorward impedance leads to its use 
in replacing vacuum tube diodes in many cir¬ 
cuits. I he ability of the germanium crystal 
rectifier to withstand high 
reverse voltages greatly ex¬ 
tends its held of usefulness. 

! Mso when a multiple re¬ 
placement of diodes is con¬ 
templated the transformer 
lor the heater sup;#., mav 
be eliminated and spate 
requirements drasticallv 
reduced. 

Among suggested ap¬ 
plications for germanium 
crystal re< tiTiers are the fol¬ 
lowing: 

Power Rectifier 

Second Detecioi 

Slit ers. I .imilers and 
(dippers 

Pulse (General or 


Figure A 
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D (* Restorers 

Modulators and 
Demodulators 
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JILTelephone 1 .al>oratorics will continue their 
researc h in the development and u\e«»l crvstal rec ti 
Iiets in the telephone, taclioand telated fields whcie 
diodes or othet t\|>es ol tectilieis ha\e heen 
etnplo\ed and where space, power consumption, 
perlortnance and econoim are paramount. 

Technical intjuiries directed to tlu* Western 
I\lc( trie Companv. Inc.. Radio l)i\ ision. I lit > Broad 
wav. New York .*>. New York, will receive piottipt 
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Plaintiff*■ Exhibit No.-—-—* 

old facilities built at lower prices, will inevitably cost more than if inflation 
had not occurred. 

It is vital to the public interest that vve keep the confidence of investors 
and be able to raise capital on reasonable terms to meet the country’s need 
for telephone service. 

Most of this capital should be stock or ownership capital, and to obtain 
it we must compete with other businesses, many of which have substantially 
increased their earnings in recent years. 

Through the vears of inflation the value of the dollars earned on tele- 
phone investment has shrunk. At the same time there has been no rise in 
the rate of telephone earnings to offset this decline in dollar value—on the 
contrarv. the average rate of earnings on investment is lower than it was 
before the war. 

Telephone rates that will assure adequate earnings on the fair value 
of telephone property will still be low in relation to the general income and 
price levels. 

For such reasons the Bell System companies arc continuing to apply for 
more adequate rates. In the long run, it is to the advantage of telephone 
users for them to pay enough to enable the companies to go ahead with a 
vigorous, progressive service program. Telephone service is too important to 
each community, and to the nation, to risk impairing it. We are sure the 
regulatory commissions know this and that they will increasingly recognize 
that good telephone earnings arc in the public interest. 

Teamwork in Research, Manufacture and Operations 

Close cooperation between the research, manufacturing and telephone 
operating organizations of the Bell System has had an important effect in 
enabling us to introduce improvements rapidly and prevent costs from rising 
higher than they have. The Bell Telephone Laboratories have pioneered 
development of better equipment. Western Electric has produced it in 
quantity at prices that mean large savings to telephone users. Telephone 
company engineers and operating people have devised better ways of using 
it. The interchange of experience between operator, builder and designer- 
all of whom are equally interested in improving service—is the best basis 
for telephone progress. 

Research brought new values into being in 1952 . The transistor, which 
vve have pictured on the cover and discussed earlier in this report, is finding 
the first of what we are confident will be many uses in the telephone svstem. 
Western Electric last year began regular production of certain types of tran- 
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sistors for military and telephone use, and in behalf of the Bell System has 
licensed 38 other companies to make and sell transistors under our patents. 
This is in accordance with our policy of making any of our inventions avail¬ 
able for use bv others on a non-exclusive basis and on reasonable terms. 

Three other recent Bell Laboratories developments illustrate current 
.progress in the continuous effort to improve telephone service and hold down 
its cost. 

The telephone system uses millions of relays, or magnetic switches. An 
entirely new design of relay has gone into manufacture. T his “wire spring” 
relay has longer life, is cheaper to make and operates more reliably than its 
predecessors. Its use in large quantities as the years go on will effect sub¬ 
stantial economies. 

Telephone service also depends on countless connections between wires 
and metal terminals. Each year about one billion such connections must be 
made. For many years soldering the connection has been the accepted method 
of assuring trouble-free operation. Bell Laboratories has now developed a 
special tool to make a solder-less wrapped connection. Here again we expect 
technical and economic advantages. 

A new system that triples the capacity of coaxial cables is under test 
between New York and Philadelphia. This new “L 3 ” system is another 
step forward in sending more information over a single pair of conductors. 
Equipped with L 3 , each pair of coaxial tubes will be able to handle as many 
as 1,800 telephone conversations, or 600 conversations plus a television 
picture in each direction. 

Behind specific developments is fundamental research. This is producing 
a steady flow of new knowledge that will continue to improve telephone 
service and will also provide new facilities for meeting the demands of the 
future. Important progress in the functioning and reliability of communi¬ 
cation systems is ahead. This will bring further benefit to the public and 
added strength to the nation. 


Western Electric Reduced Prices 

Despite the higher costs of materials that go into equipment manu¬ 
factured by Western Electric, and although wages paid by Western have 
continued to rise, the company was able to reduce prices on most telephone 
products of its own manufacture in April and again in August. The combined 
effect of the two reductions averaged 17 per cent. This was a remarkable 
accomplishment, and was helpful to the telephone companies in their efforts 
to offset the generally upward trend of construction costs. 
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Hackh’s 

Chemical Dictionary 

[AMERICAN AND BRITISH USAGE) 

Containing the Words generally Used in Chemistry , and zJtCany 
of the Terms Used in the Belated Sciences of Thy sics, 
c Astrophysics , zJtCineralogy , Tharmacy , ^Agriculture , 

"Biology , zJftCedicine, engineering , 


BASED ON RECENT CHEMICAL LITERATURE WITH 
NUMEROUS TABLES, DIAGRAMS, PORTRAITS AND 
OTHER ILLUSTRATIONS 


Third Edition 

Completely Revised and Edited 
by 

JULIUS GRANT, M.Sc., Pii.D., F.R.I.C. 

AUTHOR or “hook* and documents datinc., permanence AND PRESERVATION," 
M SCIENCE rOR THE PROSECUTION.” “WOOD PULP,” "FLUORESCENCE ANALYSIS 
IN' ULTRA-VIOLET UCMT.” "LAHORATORT HANDBOOK OF PULP AND 
PAPER MANUFACTURE.” ETC. 


THE BLAKISTON COMPANY 
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GERAHIAL 375 GERMICIDE 


geraaial. Citral. 

gsranic acid. Ci.Ht«0» - 168.2. 5.7-Dimethyl- 
£. 8 -octadienoie acid*. A monobasic acid and 
the oxidation product of citrai or geraniol. An 
oily liquid, d.0.952. bw.oi.119. i«o- Colorless 
cryatal*. m.103. bn„ m .138. 
gsraniol. CiaHuO - 154.20. An unsaturated al¬ 
cohol MeiC=CH.CHj.CHj.CMe—CH.CHf 

OH, a constituent of the oils of geranium, roaea, 
eucalyptus, citronella. lavender, and ylang. 
A colorless liquid, d.0.881. b.231, insoluble in 
water, miscible with alcohol, or ether: used as 
insect bait. Cf. ylangol, geranyl. dibydro- 
Citronellol. 

geranium. Cranesbill. The dried rhisome of 
Geranium maculatum. used medicinally as an 
intestinal astringent, g. oil. The essential 
oil from the leaves of Pelargonium species 
occurring in many grades, d.0.889-0.906. 
and containing geranial, citronellol, phellandrene 
and tiglates. Turkish- Palm aroma oil. The 
essential oil of Andropogon (Cymbogen ) martini, 
a Geraniaceae. containing 70 % geraniol. 
geranyl. The monovalent CioHn— radical de¬ 
rived from geraniol. g. acetate. CH».COO- 
CioHi? — 196.22. Geraniol acetate. A color¬ 
less liquid, d.0.915, decomp. 245, slightly 
soluble in water or alcohol, miscible with ether, 
g. chloride. CioHuCl *• 172.6. A colorless 
liquid, soluble in alcohol. 

Gerhardt, Charles Friederich. 1816-1856. A 
French chemist who formulated the concept of 
homologous and heterologous series among 
organic compounds. G. test. A test for 
diacetic acid in urine by means of ferric chloride 
solution. 

gerhardtite. A native, basic copper nitrate, 
germ. (1) A primitive embryo or embryonic cell. 

(2) A bacterium, microbe or spore, 
german silver. Nickel silver. A white alloy of 
copper (60), nickel (30) and xinc (30); used in 
resistance coils and for cutlery, 
germane. GeH« — 76.63. Germanium hydride. 
A colorless gas. burning with a blue flame. 
d-mM.523, m. —165, b. -90. di- CeiH. - 
150.81. Germanoethane. A gas, d-io**1.98, 
m. —109, b.29. Cf. germanium ethide. tri- 

GejHi — 225.20. Germanopropane. A liquid 
d.2.20, m. —105. b.110. 

germanate. A salt of the type MjGeO*. derived 
from germanium dioxide, thio- A salt of the 
type MiGeSi derived from germanium disulfide, 
germander. Chasse fiivre. The herb of Teu- 
erium ehamaedris, a Labiatae, used as tonic, 
diuretic and for gout, water- Wood garlic, 
English treacle. The herb of T. scordium, 
used as antiseptic and stimulant, 
germanic. A compound of tetravalent germa¬ 
nium. Gem. g. chloride. Germanium tetra¬ 
chloride. g. oxide. Germanium dioxide, 
germanin. Bayer 205, naganol, suramin. The 
sodium salt of 3,3'-ureidobis [8-(3-bensamido-p- 
toluido)-1.2.5-naphthalenetrisulfonic acid]. A 
colorless, readily soluble substance, used as a 
specific in the treatment of sleeping sickness in 
man or animals. 

gsrmanite. A copper mineral from Tsumeb, 
S. W. Africa, which contains 6-8 % Ge and 
1 % Ga. 

germanium. Gc - 72.60. Atomife number 32. 
A metallic element of the carbon family, 
d.5.496. m.958. b.1300. insoluble in water, acids 
°r alkalis. It was discovered in 1886 by 
tinkler in argyrodite, after being previously 


predicted in 1871 by Mendeleeff (ekasilicon). 
Germanium is a very rare metal, occurring in 
any quantity only in argyrodite. euxenite and 
germanite. Its valency is two or four, hence 
it gives rise to the compounds: 


+ 2 : germanous. Ge 4 "* 

+4:germanic. Ge'* - *'* 4 ' 


Gc is at present little used, but it has great 
possibilities: it gives strength to aluminum 
alloys, greater hardness to magnesium alloys, 
and higher refractive power to glass. 

*• alkyls. A group of organo-mctallic com¬ 
pounds in which tetravalent germanium replaces 
carbon, e.g., germanium ethide. g. chloride. 
See g. tetrachloride, or g. dichloride, g. chloro¬ 
form. GeHCl* - 179.4. A colorless liquid. 
b.72, decomp, by water, soluble in hydro¬ 
chloric acid. g. dichloride. GeCl* - 143.4. 
Germanous chloride. A colorless liquid, g. 
dibromide. GeBrt ■ 232.46. Germanous 
bromide. Colorless crystals, decomp, on heat¬ 
ing. g. diiodide. Gel* - 326.46. Yellow 
crystals, g. dioxide. GeOi - 104.5. G. oxide, 
germanic oxide. A white powder, du*.4.703, 
m-1025. slightly soluble in water, soluble in 
acids; used in the treatment of pernicious 
anemia, g. disulfide. GeSjt - 136.6. G. sul¬ 
fide, germanic sulfide. A white powder, 
decomp, on heating or by water, soluble in 
alkalis, g. ethide. GeEt«or CiHwGe - 188.5. 
Germanium tetra-ethyl. A colorless liquid, 
b.160. g. hydride. Germane, g. hydroxide. 
Ge(OH)i “ 106.6. A yellow powder, insoluble 
in water, soluble in alkalis. Cf. gcrmanoformic 
acid. g. iodide. See g. tetraiodide, g. mono- 
sulfide. GeS — 104.5. Germanous sulfide. 
Dark brown, thin plates of metallic luster, 
soluble in alkalis, g. monoxide. GeO — 88 . 5 . 
Germanous oxide. A dark gray volatile 
powder, soluble in HC1. g. oxide. See g. 
dioxide or g. monoxide, g. sulfide. See g. disul¬ 
fide. or g. monoeulfide. g. tetrabromide. GeBr« 
• 392.31. Germanic bromide. A colorless fum¬ 
ing liquid, d.3.13. in.26.1, b.185.9. g. tetrachlo¬ 
ride. GeCU — 214.4. G. chloride, germanic 
chloride. A colorless fuming liquid, dnM.887. 
m. —49.5. b. 86 . decomp, by water to a hydrated 
germanium dioxide, g. tetraethyl. G. ethide. 
g. tetrafluoride GeF« - 148.6. Germanic fluo¬ 
ride. Colorless hygroscopic crystals. GeF«.- 
3HiO, readily soluble in water, g. tetraiodide. 
Gel 4 “ 580.2. G. iodide, germanic iodide. A 
red. crystalline powder, d.4.32. m.144, b.355, 
decomp, by water, soluble in dilute acids. 

germanoformic acid. H.GeOOH. A tautomer 
of germanium hydroxide obtained by heating 
Ge(OH)» with alkali. It is a red powder and a 
reducing agent. 

germanous. The oompounds of divalent germa¬ 
nium, Ge—. which are generally less stable than 
the germanic compounds, g. chloride. Germa¬ 
nium dichloridc. g. oxide. Germanium mon¬ 
oxide. g. sulfide. Germanium monosulfidc. 

germicidal. Destructive to microorganisms or 
germs. 

germicide. An agent that destroys microorgan¬ 
isms; applied especially to agents that kill 
disease germs, cf. disinfectant. Their strength 
is measured by the Salle index, the ratio a/b. 
where a is the germ-killing power and b th© 
tissue destroying effect. Values: 
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UTILIZING SILICON 
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1 2 

Hils Invention relates to electrical translating the region of 1000 megacycles Is set by Inherent 
devices ut iliz i n g silicon. More particularly, it factors in the operation of these electron dls- 

relates to devices using silicon of high purity for charge devices such as the capacitance of the 

modifying the frequency or wave form of electrl- input circuit and the appreciable transit tim* 
cal oscillations. Important applications of such 5 of electrons as measured in cycles of the ex¬ 
devices are for modulating, demodulating, or tremely high frequency oscillations, 
rectifying electrical oscillations and for produc- A study of contact rectifier type detectors as 
ing harmonics of fundamental frequency oscil- possible alternatives for the electron discharge 
latlons. device indicates that a n umb er of characteris- 

An object of the Invention is to provide a 10 tics are highly desirable in a substance a body 
simple rugged efficient and inexpensive electrl- of which is to be used as a contact detector, 

cal translating device of the point contact type Of course, a very important consideration Is the 

capable of efficient operation at frequencies of rectifying property which depends upon the ratio 

the order of ten centimeter wave-lengths and of front-to-back resistance, that is, the ratio be- 

shorter. 15 tween the current which passes when a given 

An additional object of the invention is the unidirectional electromotive force is Impressed 

provision of an electrical translating device for across the detector and the current which passes 

extremely low amplitude oscillations in which when that same electromotive force Is applied in 

the Introduction of noise in consequence of the the reverse direction. Stability of the rectifying 

operation of the translating device shall be as 20 contact is also important and this in turn de¬ 
little as possible. pends upon the chemical inertness of the mate- 

An additional obje rt of the invention is to in- rials used and the mechanical design of the con- 
crease the effectiveness of asymmetrically con- tacting elements. Another important feature is 
ducting translating devices of the solid body sur- that the body possess a sufficiently low specific 
face point contact type by reducing the resist- 25 resistance. 

ance of the back contact of the body. A contact rectifying device may, under certain 

An additional object of the invention is to conditions, be regarded as an asymmetric recti- 

enable the construction of silicon surface con- fier with a shunt path comprising series resist- 

tact translating devices which shall have prede- ance and capacitance. The shunt path causes 

terminable transmission characteristics. 30 a decrease in sensitivity and a change in the ex- 

Another object of the invention is to provide ponential response characteristic as the frequency 

a stable demodulating system for oscillations of is increased beyond certain limits. In general, 

such high frequencies that electron discharge de- the current passed by such devices Increases as 

vices of the conventional types are ineffective. an exponential function of the increasing voltage. 

An additional object of the invention is utiliza- 35 When an alternating electromotive force is ap- 
tion of an ingot of silicon to produce as many plied the rectified current may. for practical pur- 

electrical translating devices of given dimension poses within relatively low ranges of applied elec- 

as possible. tromotive force, be regarded as varying as the 

Hitherto the technique of electromagnetic wave square of the applied voltage. This is quite sat- 

reception has centered very largely about 'the 40 isfactory for signal detection or for measurement 
electron discharge device which long ago super- purposes. 

seded the early contact rectifiers or detectors of The high frequency limit at which a contact 
the general types developed by Dunwoody and rectifier remains effective depends upon the area 

Pickard in which the asymmetric conducting relations at the rectifying contact. For instanoe. 

property of a contact between a metallic point 45 if a point contact be made at an area which is 
and the surface of a so-called semiconducting wholly active, a very desirable characteristic 

body is utilized. This change in radio reception may be obtained. If, on the other hand, the 

practice was brought about by many factors, contact be made at an area which is partly 

among which are the amplifying property of active and partly inactive, the inactive portion 

the electron discharge device which enables the 50 will introduce an effective shunt path thus de- 
weak incoming energy to be amplified and low creasing the sensitivity of the device as a whole, 

detection efficiency to be overcome, the high sta- it is. therefore, important that devices of this 

bility of the electron discharge device and the type be constructed from materials having sur- 

simplicity with which it lends itself to coupling face areas which are as nearly wholly active as 

to tuned or selected circuits. 55 possible. 

As the art of transmission of electromagnetic Another characteristic of interest in the pCr- 
waves progresses in the direction toward higher formance of detectors of the contact rectifier 
frequencies a point is reached at which the usual type is the noise introduced by the detector, 
electron discharge device becomes comparatively This is dependent upon the particular substance 
ineffective. This point, which is somewhere In 60 employed and also upon the amplitude of the cur- 


223 A-6 

3 , 403,839 


5 

Tig. 8 Illustrates the appliance for final g rin di ng 
of the contact surfaces of a plurality of detector 
units; 

Pigs. 9 and 10 are respectively side and front 
views of a detector contact element; 

Pig. 11 illustrates a fixture serving to connect a 
high frequency input circuit and a heating oscil¬ 
lator to a detector and also to connect an inter¬ 
mediate frequency output path to the detector; 

Pig. 12 Is a graph illustrating the rectifying 
performance of silicon detectors of the prior art; 

Pigs. 13, 14 and 15 are similar graphs which 
show respectively the performance of an average 
N type detector as is obtained upon first contact, 
the same characteristic after the contact has been 
electrically '"conditioned,” and the characteristic 
of a P type detector; 

Pig. 16 is a schematic of the circuit of a sys¬ 
tem for producing harmonics using a translating 
element in accordance with the invention; and 

Fig. 17 Is a schematic explaining certain aspects 
of design of translating devices in accordance 
with the invention. 

It has long been known that bodies of the class 
of materials known as semiconductors, includ¬ 
ing silicon, may be utilized for contact detectors 
for electrical oscillations. Examples of such con¬ 
tact detectors are those of U. S. Patents to Q. W. 
Pickard 836,531, November 20, 1906, and 888,191, 
May 19, 1908. In an article at page 1003 of the 
Electrical World. November 24, 1906, Pickard 
states that after a trial of a large number of ele¬ 
ments and compounds pure silicon was found very 
satisfactory as a rectifying contact detector. In 
U. S. Patent 1,698,668, issued January 8. 1929 to 
Ballantine ahd Hull, reference is made to the use 
of refined silicon. As a matter of fact the com¬ 
mercial "pure silicon” available to Pickard and 
the “refined” silicon of Ballantine and Hull were 
substances of about 98 per cent purity at most 
with at least 2 per cent of impurities. More re¬ 
cently, there has become available on the market 
the small particle silicon, to which reference has 
been made, of a very high purity of the order of 
99.5 per cent. 

The granulated high purity silicon now avail¬ 
able on the market is produced by crushing ma¬ 
terial found in a large commercial melt. That 
supplied by Electrometallurgical Company is of a 
size to pass a 30 mesh screen and to be retained by 
an 80 mesh screen. The crushed material is puri¬ 
fied by treatment with acids until it has attained 
a purity considerably in excess of 99 per cent. 
The chemical composition of a typical sample of 
this material is approximately: 


Si ....... 99.85 

C —. 019 

Pe .. .031 

A1_ 020 

Ca_ 003 

N. .008 

O. .061 

H.-.....001 

Mg. .007 

P. .011 

Mn _ .002 


In some samples amounts of up to .03 Ti and .004 
Cr have been found. 

An investigation of the metallurgy of high pur¬ 
ity silicon has been made by J. H. Scaff. Based 
on the discovery that the P zone consists of ma¬ 
terial first to cool and the N zone of material last 
to cool a process has been evolved by which high 
purltv silicon ingots may be produced with a bar- 
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rier region surface which substantially divides 
the ingot into two unlike portions, one of which 
is P zone and the other N zone material. This 
process is disclosed and claimed In the appllca- 
5 tion of J. H. Scaff Serial No. 386,835, filed April 
4,1941 for Preparation of silicon materials. 

In accordance with the process the granulated 
material is placed in a silica crucible and is then 
fused in an induction furnace in high vacuum 
10 or in an atmosphere of helium. Because of a 
tendency to evolution of gas with ensuing violent 
turbulence of the material, it Is desirable to raise 
the temperature to the melting point by heating 
the charge slowly. The use of shallow wide 
15 mouth crucibles for containing the silicon charge 
to be fused alleviates this condition but it may 
also be desirable to effect the fusion in. an at¬ 
mosphere of inert gas such as helium or hydrogen 
at atmospheric pressure. The temperature of 
20 the melt is raised to about 150° C. to 200° C. above 
the fusion point, that is. to about 1600° C. The 
power supplied to the Induction furnace is re¬ 
duced to permit the melt to cool slowly and at a 
rate not in excess of 150° per minute until the 
25 mass has a thick coating on the outside at a tem¬ 
perature of 1250° to 1200° C. Thereafter the 
heating power may be withdrawn to permit the 
silicon mass to cool rapidly. 

The resulting ingot illustrated in Fig. 1 in the 
SO crucible 11 in which it was formed differs from 
a body of commercial silicon in that it is me¬ 
chanically strong and free from cracks and blow¬ 
holes. When highly polished it has a lighter grey 
color than the commercial material. The mate- 
35 rial of the Ingot possesses physical -characteristics 
which vary with distance from the upper surface. 
The portion first to cool, adjacent the upper sur¬ 
face in the crucible II, is of a vertically colum¬ 
nar structure as indicated. Beyond the colum- 
40 nar structure is a non-columnar formation which 
is characterized by tiny gas pockets and, when 
sectioned, by an odor similar to that of acetylene. 
This non-columnar material is more greyish and 
has much smaller crystals than the material at 
45 the top of the Ingot. 

While the purity of this material is very high, 
in fact considerably higher than silicon here¬ 
tofore obtainable in pieces large enough for elec¬ 
trical purposes, it does contain from about .1 per 
60 cent to .2 per cent of a variety of other elements. 
In the crystallization which ensues after the tem¬ 
perature of the melt is permitted to fall, a non- 
uniform distribution of impurities is obtained and 
It is this difference in impurity concentration 
55 which is believed to influence the physical prop¬ 
erties of the silicon so that samples cut from 
various portions of an ingot exhibit different 
structural and electrical characteristics. It ap¬ 
pears probable that a very small percentage of 
60 silicon carbide plays a very important role. 

The material of the ingot is also not homoge¬ 
neous in its electrical characteristics but consists 
of three fairly well defined zones. The upper por¬ 
tion which is first to cool develops • positive elec- 
55 trothermal potential against copper. This P zone 
portion as indicated in Fig. 1 extends to a sec¬ 
ond zone, the barrier zone, which is designated by 
B. The specific resistance of P zone material is 
considerably higher than is that of ordinary com- 
70 mercial silicon. In the barrier zone the specific 
resistance rises very abruptly to magnitudes a 
hundred times those near the upper surface of 
the P zone. Beyond the barrier zone the material 
is of N zone type. Its average resistivity is much 
75 lower than that of the other two zones and per- 
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tuning frequency of the lecher circuit. Since the 
separation between the member 14 and the lecher 
conductors is sufficient to maintain them elec¬ 
trically separated at an Intermediate frequency, 
intermediate frequency oscillations which result 
from interaction of the. incoming high frequency 
oscillations and of any locally introduced oscilla¬ 
tions will be transmitted by the lecher conductors 
to the leads 24 which pass out through the side of 
member 23. 

The silicon body 33 may be ground to the de¬ 
sired shape and dimensions from a piece of the 
high purity silicon material which has already 
been described. The rough ground cylinder may 
be first cleaned with carbon tetrachloride and 
slightly etched in warm solution of potassium 
hydroxide. As an alternative it may be cleaned 
electrolytically by a hydrogen wash in a strong 
alkaline solution. After cleaning, rhodium may 
be electroplated on the silicon in accordance with 
a process described in connection with Pig. 5. 
This results in a material reduction of the noise 
components introduced by the silicon body. After 
the electroplating the cylinder may be placed in 
a suitable chuck in a spindle mounted for rota¬ 
tion. One end of the cylinder may be ground flat 
and free from metal with a fine mesh diamond 
wheel. If the mesh of the wheel is not sufficiently 
fine the end surface may be polished with a mix¬ 
ture of a very fine air-separated aluminum oxide 
dust mixed with SAE 20 engine oil. This pro¬ 
duces a surface of a high polish. The polished 
surface may then be employed for contact recti¬ 
fication in conjunction with a point contact ele¬ 
ment. 

The spring contact member 34 of Fig. 4 pref¬ 
erably consists of tungsten wire having its sur¬ 
face, and particularly its tip portion, coated with 
highly conducting material such as the alloy of 
cold, silver and platinum disclosed in U. S. Patent 
937.284. issued October 19, 1909. to E. B. Craft 
and J. W. Harris, ■which is known as No. 1 contact 
metal, or with a platinum and iridium alloy. A 
contact wire of platinum-iridium alloy may also 
be used. 

In an actual apparatus constructed in accord¬ 
ance with the disclosures of Pigs. 2, 3 and 4 and 
designed to operate for reception of oscillations 
of 4 to 19 millimeters wave-length, the two semi¬ 
circular section lecher conductors 19, consisting 
of No. 1 contact metal, with their intervening 
mica strip 20 had a diameter of .053 inch. The 
silicon crystal employed as the element 33 of Pigs. 
3 and 4 was of cylindrical form with a diameter 
of .0173 inch and with a length equal to its di¬ 
ameter. The contact spring 34 was formed of 
seven or eight turns of .0009 inch diameter pure 
tungsten wire, gold plated. This spring was 
wound on a form so made that a straight piece 
protruded from one end of the spring. This end 
was cut off with a small scissors. 

The end surface of the block 33 of the rectifier 
contact device against which the spring 34 bears 
is. as has been explained, highly polished and rel¬ 
atively large. The smooth surface reduces the 
effect of distributed capacity and makes it much 
simpler to search for an effective rectifying con¬ 
tact area in adjustment of the apparatus. The 
contact resistance between the silicon cylinder 
and its supporting lecher conductor is reduced to 
a minimum by an aquadag coating on the cyl¬ 
inder. The tungsten spring wire 34 is carefully 
ground at the base end of the coil to have a large 
flat surface which may contact with the plug 32 
at its base. The tungsten material of the spring 
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wire 34 has sufficient torsional elasticity at the 
very small wire diameters employed to exert suffi¬ 
cient pressure on the crystal block to effect 
maintain a satisfactory rectifying contact. The 
5 pressure, although not particularly critical, is, in 
general, so adjusted as to be of the order of 2.5 
kilograms per square millimeter. 

The incoming oscillations received in chamber 
12 may be superposed therein upon local oscilla- 
10 tions supplied in any desirable manner as. e. g. 
from the local oscillation source 57 with its n - 
diating antenna 58 as indicated in Pig. 2. The 
lecher conductors 18 pick up corresponding oscil¬ 
lation electromotive forces and impress them upon 
15 the detector 33, 34, 35. The Intermediate fre¬ 
quency currents resulting from the operation of 
the detector may then be impressed by leads 24 
upon the remaining portion of the radio receiving 
system comprising, in tandem, the usual inter- 
20 mediate frequency amplifier IFA, intermediate 
frequency detector IFD. audio frequency ampli¬ 
fier AFA and loudspeaker or other type of signal 
indicator. 

Another method of preparing high purity silicon 
25 crystal contact rectifier-detector units in accord¬ 
ance with the invention is illustrated in Pigs. 5. 
6. 7 and 8. In accordance with this method a 
block 36 of approximately cubical form may be 
cut from the N zone of an ingot such as described 
30 in connection with Fig. 1. The bottom of the 
block is smoothed using an iron lap with 600 
mesh or, 1000 mesh aluminum oxide, number 95 
optical powder obtainable from the Carborundum 
Company, or Number M-302 optical powder ob- 
35 tainable from the American Optical Company. It 
is then lightly etched in a 25 per cent or 30 per 
cent solution of hot sodium hydroxide or potas¬ 
sium hydroxide. The etched surface of the block 
which was smoothed is then washed in distilled 
40 water and electroplated for a few minutes in a 
hot (60° C.) rhodium phosphate electroplating 
solution with a platinum anode at a current 
density just sufficient to discharge hydrogen, with 
the rhodium but not too vigorously. This is gen- 
45 erally at a potential of about 3.2 volts although 
the potential is frequently higher if the internal 
resistance of the silicon is high. The plated sur¬ 
face may then be tinned with a soft solder using 
zinc chloride acid flux. The silicon block 36 is 
60 then sweated or soldered to a brass jig 37 which 
may be clamped in the cutting machine. 

Silicon is a difficult material to solder or to 
which to make intimate electrical connections. 
Ordinary commercial silicon is particularly dlf- 
55 ficult in this respect and often cannot be sol¬ 
dered. With the high purity silicon material 
rhodium enables a very satisfactory joint to be 
made which does not loosen up. Moreover, rho¬ 
dium plating is found to be very highly resistant 
60 to corrosion. Accordingly the use of rhodium for 
this purpose is an important feature of the proc¬ 
ess of preparing satisfactory electrical translat¬ 
ing elements using high purity silicon. 

The silicon block 36. formed as described, is 
65 then slotted crosswise as illustrated in Pig. 5 
using a %4 inch thick metal wheel charged with 
diamond particles. A stream of distilled water 
is used to clear the cut particles from the kerf 
and to cool the surfaces. The cross slots produce 
70 pillars about Vs inch square firmly anchored on 
the soldered surface. The upper surfaces of the 
pillars are new ground flat on an iron lap. e. g„ 
with 600 mesh aluminum oxide and are rhodium 
plated in accordance with the process previously 
75 described. Thin slabs are now sliced off the 
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rents to which the detector Is subjected. For 
example. If a superheterodyne system with a 
beating oscillator is employed, the noise increases 
with the input of beating oscillations in such a 
way that for low levels of oscillation current the 
signal gain due to the increasing amplitude of 
the beating oscillations is more rapid than the 
increase in noise whereas for high levels of oscil¬ 
lation currents,, the signal gain with increase of 
the beating oscillations is small but the noise in¬ 
crease is large. 

Another important factor in the production of 
noise in the operation of a rectifying contact de¬ 
tector is the character of what we may term the 
"back contact.” This is the contact which the 
semiconductor body makes with the matrix of 
conducting material in which it is commonly em¬ 
bedded. If the back contact is somewhat, imper¬ 
fect the noise factor is high. If, on the contrary, 
the back contact is made with a matrix of con¬ 
ducing material which forms a substantially in¬ 
tegral mass with the semiconductor the noise is 
greatly reduced. 

It has been found necessary not only to take 
into account the character of the semiconductor 
body with which the contact is formed but. also, 
to employ a metallic point contact element which 
possesses certain characteristics. The point con¬ 
tact member should be inert chemically so that 
no oxide forms on its surface which might make 
possible a non-rectifying stable metallic contact. 
The point contact member if of the spring wire 
or catwhisker type must be ductile so that small 
wires of it are available and it must be strong 
and flexible enough to provide a contact having 
a steady pressure. Whatever its form it should 
provide a chemically stable contact which is 
maintained at a steady pressure. 

Accordingly, an additional object of the in¬ 
vention is to provide a metallic point contact 
with which it may be possible to assure unchang¬ 
ing contact pressure with the surface of the semi- 
metallic body and to fix the pressure of the con¬ 
tact at any desired magnitude. 

It should be appreciated that the various char¬ 
acteristics and desirable properties which have 
been presented must, for practical use in the re¬ 
ception of millimeter-length waves, be attained 
in an apparatus of physical dimensions suitable 
for the reception of such waves and which is, 
therefore, of extremely small dimensions. This 
is for the reason that for transmission in this 
frequency range coaxial circuits and wave guides 
may be used in which it is frequently desirable to 
place the translating device within the coaxial 
line or wave guide. The small physical dimen¬ 
sions which may be given the contact element 
translating device make it ideal for this purpose. 
Moreover the minute dimensions of the device 
and its supports enable any undesirable shunt 
capacitances associated with the device to be kept 
very small so that the transmission properties of 
a coaxial circuit or other high frequency oscil¬ 
lation transmitting system are not too adversely 
affected by a shunt connection of such a translat¬ 
ing device. 

In a study of electrical translating devices em¬ 
ploying silicon applicant discovered that a re¬ 
markable improvement in the point contact rec¬ 
tifying characteristic and other electrical prop¬ 
erties is attainable if resort be had to silicon 
of a high degree of purity, for example, of the 
order of at least 99 per cent. However, silicon 
of that purity has not been available in the 
market in chunks of sufficient size to serve for 
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electrical translating devices. There is on the 
market silicon in granular form of a purity of 
about 99.85 per cent produced by the Electro¬ 
metallurgical Company. Processes for producing 
c such granular silicon are described in United 
States Patent 1,386,227 issued August 2, 1921 to 
P. M. Becket. N. P. Tucker of the British 
National Physical Laboratory has described an 
alternative process in the Journal of Iron and 
10 Steel Institute, vol. 15, page 412, 1927. Elmer 
and Amend have also supplied highly pure sili¬ 
con in powder form. 

In order to obtain bodies of highly pure silicon 
of sufficient size for electrical translating devices 
1 5 one may melt together a charge of the high pur¬ 
ity granular or powder silicon material such as 
has been described. Because of the high melting 
point (1410° C.±10°) of silicon and the strong 
affinity which silicon has for oxygen the silicon 
20 must be melted under non-oxidizing conditions. 
Applicant discovered that the internal physical 
structure of silicon ingots so produced is by no 
means homogeneous and that the electrical char¬ 
acteristics of the material are likewise not unl- 
form but on the contrary undergo striking varia¬ 
tions from one legion to another. For example, 
a small block of material cut at one point may 
pass electrons readily only in the direction from 
a metallic point to the block while a similarly 
shaped block cut at another location in the ingot 
u passes electrons readily only in the direction from 
the block to the metallic point. Moreover, at 
a point somewhere between the positions of the 
blocks a very different internal asymmetric con- 
,5 dition exists along a relatively thin interior sur¬ 
face or boundary. For convenience, a region of 
the block which passes current readily only when 
the block is positive may be designated as a “P 
zone.” one in which the block passes current 
Q readily only when the block is negative, an “N 
zone” and the intervening internal asymmetric 
boundary region or surface a "barrier” zone or 
barrier surface. 

In accordance with this invention, small bodies 
of high purity silicon cut from such portions cf 
45 the ingot as to have the desired characteristics 
are utilized as the semi-conducting members in 
asymmetric electrical translating elements, as for 
example, high frequency contact detectors, modu¬ 
lators. rectifiers, or harmonic generators. Such 
60 detectors exhibit a loss of the order of 15 decibels 
less than that of previously known commercial 
silicon detectors. They are found to exhibit a 
high ratio of front-to-back resistance, to be chem¬ 
ically stable and to lend themselves readily to an 
55 electroplating for the back contact. They are 
relatively free from contact noise and if cut from 
the N zone are of relatively low specific resistance. 

Fig. 1 illustrates the structural characteristics 
of a high purity silicon ingot utilized in construct- 
60 ing translating devices according to this inven¬ 
tion; 

Fig. 2 illustrates one form of radio frequency 
selective and detecting apparatus employing the 
detector of this invention; 

65 Pig. 3 illustrates details of the lecher circuit 
constituting the receiving antenna of Fig. 2; 

Fig. 4 is an enlarged sectional view in the plane 
4 —4 of Fig. 3 showing details of the detector; 

Fig. 5 illustrates a step in the formation of a 
70 plurality of detector units of rectangular cross- 
section ; 

Fig. 6 illustrates a stage in the mounting of an 
individual detector unit upon a supporting screw; 

Fig. 7 indicates the manner of shaping the head 
75 of the detector unit; 
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PlK. 8 Illustrates the appliance for final grinding 
of the contact surfaces of a plurality of detector 
units; 

Figs. 9 and 10 are respectively side and front 
views of a detector contact element; 

Fig. 11 Illustrates a fixture serving to connect a 
high frequency input circuit and a heating oscil¬ 
lator to a detector and also to connect an inter¬ 
mediate frequency output path to the detector; 

Fig. 12 is a graph illustrating the rectifying 
performance of silicon detectors of the prior art; 

Figs. 13, 14 and 15 are similar graphs which 
show respectively the performance of an average 
N type detector as is obtained upon first contact, 
the same characteristic after the contact has been 
electrically “conditioned,” and the characteristic 
of a P type detector; 

Fig. 16 is a schematic of the circuit of a sys¬ 
tem for producing harmonics using a translating 
element in accordance with the invention; and 

Fig. 17 is a schematic explaining certain aspects 
of design of translating devices in accordance 
with the invention. 

It has long been known that bodies of the class 
of materials known as semiconductors, includ¬ 
ing silicon, may be utilized for contact detectors 
for electrical oscillations. Examples of such con¬ 
tact detectors are those of U. S. Patents to G. W. 
Pickard 836,531, November 20, 1906, and 888,191, 
May 19. 1908. In an article at page 1003 of the 
Electrical World. November 24, 1906, Pickard 
states that after a trial of a large number of ele¬ 
ments and compounds pure silicon was found very 
satisfactory as a rectifying contact detector. In 
U. S. Patent 1,698,668, issued January 8, 1929 to 
Ballantine ahd Hull, reference is made to the use 
of refined silicon. As a matter of fact the com¬ 
mercial “pure silicon” available to Pickard and 
the "refined” silicon of Ballantine and Hull were 
substances of about 98 per cent purity at most 
with at least 2 per cent of impurities. More re¬ 
cently, there has become available on the market 
the small particle silicon, to which reference has 
been made, of a very high purity of the order of 
99.5 per cent. 

The granulated high purity silicon now avail¬ 
able on the market is produced by crushing ma¬ 
terial found in a large commercial melt. That 
supplied by Electrometallurgical Company is of a 
size to pass a 30 mesh screen and to be retained by 
an 80 mesh screen. The crushed material is puri¬ 
fied by treatment with acids until it has attained 
a purity considerably In excess of 99 per cent. 
The chemical composition of a typical sample of 
this material is approximately: 


Si.. 99.85 

C. .019 

Pe. .031 

A1_ 020 

Ca..—...003 

N. .008 

O. .061 

H_ .001 

Mg... .007 

P. .011 

Mn .. .002 


In some samples amounts of up to .03 Ti and .004 
Cr have been found. 

An investigation of the metallurgy of high pur¬ 
ity silicon has been made by J. H. Scaff. Based 
on the discovery that the P zone consists of ma¬ 
terial first to cool and the N zone of material last 
to cool a process has been evolved by which high 
puritv silicon ingots may be produced with a bar- 
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rler region surface which substantially divides 
the ingot into two unlike portions, one of which 
is P zone and the other N zone material This 
process is disclosed and claimed in the applica- 
5 tion of J. H. Scaff Serial No. 386,835, filed April 
4,1941 for Preparation of silicon materials. 

In accordance with the process the granulated 
material is placed in a silica crucible and is then 
fused in an induction furnace in high vacuum 
10 or in an atmosphere of helium. Because of a 
tendency to evolution of gas with ensuing violent 
turbulence of the material, it is desirable to raise 
the temperature to the melting point by heating 
the charge slowly. The use of shallow wide 
15 mouth crucibles for containing the silicon charge 
to be fused alleviates this condition but it may 
also be desirable to effect the fusion in an at¬ 
mosphere of inert gas such as helium or hydrogen 
at atmospheric pressure. The temperature of 
20 the melt is raised to about 150* C. to 200° C. above 
the fusion point, that is, to about 1600° C. The 
power supplied to the induction furnace is re¬ 
duced to permit the melt to cool slowly and at a 
rate not in excess of 150° per minute until the 
25 mass has a thick coating on the outside at a tem¬ 
perature of 1250° to 1200° C. Thereafter the 
heating power may be withdrawn to permit the 
silicon mass to cool rapidly. 

The resulting ingot illustrated in Fig. 1 in the 
30 crucible II in which it was formed differs from 
a body of commercial silicon in that it is me¬ 
chanically strong and free from cracks and blow¬ 
holes. When highly polished it has a lighter grey 
color than the commercial material. The mate- 
35 rial of the ingot possesses physical characteristics 
which vary with distance from the upper surface. 
The portion first to cool, adjacent the upper sur¬ 
face in the crucible 11, is of a vertically colum¬ 
nar structure as indicated. Beyond the colum- 
40 nar structure is a non-columnar formation which 
is characterized by tiny gas pockets and, when 
sectioned, by an odor similar to that of acetylene. 
This non-columnar material is more greyish and 
has much smaller crystals than the material at 
45 the top of the ingot. 

While the purity of this material is very high, 
in fact considerably higher than silicon here¬ 
tofore obtainable in pieces large enough for elec¬ 
trical purposes, it does contain from about .1 per 
60 cent to .2 per cent of a variety of other elements. 
In the crystallization which ensues after the tem¬ 
perature of the melt is permitted to fall, a non- 
uniform distribution of impurities is obtained and 
it is this difference in impurity concentration 
65 which is believed to influence the physical prop¬ 
erties of the silicon so that samples cut from 
various portions of an ingot exhibit different 
structural and electrical characteristics. It ap¬ 
pears probable that a very small percentage of 
60 silicon carbide plays a very important role. 

The material of the ingot is also not homoge¬ 
neous in its electrical characteristics but consists 
of three fairly well defined zones. The upper por¬ 
tion which is first to cool develops • positive elec- 
65 trothermal potential against copper. This P zone 
portion as indicated in Fig. 1 extends to a sec¬ 
ond zone, the barrier zone, which is designated by 
B. The specific resistance of P zone material is 
considerably higher than is that of ordinary com- 
70 mercial silicon. In the barrier zone the specific 
resistance rises very abruptly to magnitudes a 
hundred times those near the upper surface of 
the P zone. Beyond the barrier zone the material 
is of N zone type. Its average resistivity is mufch 
75 lower than that of the other two zones and per- 
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haps one-third the average resistance of the P 
zone material. 

The ingot Is strong enough that it does not 
crumble when cut into small pieces as does com¬ 
mercial silicon. When a small metallic point is 6 
placed in contact with the surface of a block of 
the material the contact is found to have very 
marked asymmetric properties. We may arbi¬ 
trarily designate as the resistance of the combi¬ 
nation of silicon block and the metallic point, the 10 
slope of the current voltage curve of the rectify¬ 
ing device for 1 volt applied electromotive force 
directed in the low resistance direction. The ra¬ 
tio of the current to that obtained with the elec¬ 
tromotive force reversed may be designated as 15 
the front-to-back ratio. In a general way. the 
characteristics of the material may be tabulated 
as follows, the front-to-back ratios being ob¬ 
tained by measurements with 1 volt impressed 
electromotive force: 20 


Impedance 

Pass current at ! volt 

Front-to-back 
ratio at 1 volt 

Low. _ 

7 to 30 milliam peres (140 to 33 ohms) 

5 to 50 

Medium. .. 

2 to 7 milliam peres ($00 to 140ohms). 

10 to 100 

High. 

Below 2 milliamperes (more than 
300 ohms). 

1 to 1,000 


It will be understood that while the barrier sur¬ 
face or layer is at times extremely thin it in gen- 30 
erai appears to comprise a number of roughly 
parallel boundary surfaces closely spaced from 
each other. The barrier zone is not particularly 
satisfactory for point contact detectors since its 
direction of rectification is apt to be indeterml- 35 
nate depending upon the spot on its surface with 
which the metallic point makes contact. As has 
been stated, the specific resistance of barrier zone 
material is high relative to that of the other two 
zones. The barrier zone has very remarkable 40 
asymmetrically conducting, photoelectric and 
thermoelectric properties. A slab of the highly 
pure silicon ingot divided by the barrier into por¬ 
tions may constitute an alternating current rec¬ 
tifier if each portion be provided with an electric 45 
terminal. This is disclosed and claimed in the 
application of R. S. Ohl Serial No. 381,273, filed 
March 1. 1941 for Improvement in alternating 
current rectifiers. The use of a body of the high 
purity silicon material including a barrier surface 50 
which may be exposed to light to serve as a pho¬ 
toelectric device is disclosed and claimed in the 
application of R. S. Ohl Serial No. 395,410, filed 
May 27. 1941 for Light sensitive electric devices. 
The thermoelectric property of a body of high 65 
purity silicon which includes the barrier surface 
Is disclosed and claimed in the application of R. S. 

Ohl Serial No. 438.645 filed April 11. 1942 for 
Thermoelectric device. 

Pig. 2 shows the details of a radio receiving ap- 60 
paratus for very short waves. Such a receiving 
apparatus is disclosed and claimed in Patent 
2,378,944 to R. S. Ohl issued June 26. 1945 result¬ 
ing from application Serial No. 286,530, filed July 
26. 1939 for Detector system for very short elec- 05 
trie waves, of which the present application is a 
continuation in part. A chamber 12 carried on 
the conducting casing 13 comprises a centrally 
apertured conducting back plate 14 of circular 
contour threaded at its outer periphery to engage 70 
with a cylindrical conducting shell 15. Mounted 
telescopically on the shell 15 is an annular con¬ 
ducting cap member 16 which may be used to 
extend the chamber 12 in the longitudinal direc¬ 
tion to adjust or tune the system to respond most' 76 
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effectively to oedllatlons of a given wave-length. 
At Its open outer end the cap II Is provided with 
a radially projecting flange 17 on which Is mount¬ 
ed an iris IS. Projecting through the central ap¬ 
erture of plate 14 Is a pair of lecher conductors 
19 which serve as a pick-up antenna or electro¬ 
magnetic wave energy absorber. By suitable ad¬ 
justment of the Iris II the area of the opening 
into the chamber 12 may be fixed to cause a max¬ 
imum Quantity of energy of the oscillations of the 
selected wave-length to be absorbed by the lecher 
conductors. 

The lecher conductors 19 are electrically sep¬ 
arated by a strip 20 of mica or other dielectric 
material as illustrated In Pig. 3. A tubular sleeve 
21 of dielectric material surrounds the lecher con¬ 
ductors very closely to hold them firmly clamped 
together as a unit and is in turn enclosed In a 
tightly fitting metallic tube 22 a flanged end of 
which is attached to an enlarged circular dielec¬ 
tric block 23 having an opening at one side 
through which pass the leads 24 that connect the 
lecher conductors to the external circuit. A hel¬ 
ical spring 25 confined between the flanged end 
of tube 22 and a hollow guide 26 in which the 
tube 22 slides urges tube 22, the block 23 and the 
entire lecher circuit assembly to the right to 
withdraw it from the chamber 12. The position 
of the lecher conductors is determined by a bell 
crank 27 bearing against* the reaction bolt 21 
and hinged at 29. The position of the bell crank 
is fixed by the adjusting screw 30 and the re¬ 
tracting spring 31. It is. therefore, possible to 
nicely adjust the position of the lecher conduc¬ 
tors with respect to chamber 12. The aperture 
of the back plate 14 through which the lecher 
conductors 19 project is such that the back plate 
14 is spaced from the lecher conductors just suf¬ 
ficiently to prevent its acting as a short-circuit¬ 
ing path for intermediate frequency oscillations. 
The capacitance between the back plate 14 and 
the conductors of the lecher circuit is, however, 
sufficient so that the lecher circuit is effectively 
terminated for millimeter-length waves at that 
face of the back plate which is adjacent the 
chamber 12. In practice the lecher system is 
tuned by operation of the screw 30 to one-quar¬ 
ter wave-length or three-quarters wave-length as 
indicated by maximum response Indications. 
The chamber 12 is adjusted in length to a multi¬ 
ple of a half wave-length as indicated by an In¬ 
coming signal maximum. Finally the iris II Is 
adjusted to obtain the most favorable impedance 
condition. 

Pig. 4 which is a section in the plane 4—4 of 
Pig. 3 , shows the structure of the contact recti¬ 
fier-detector. It consists of a cylindrical block 
33 of fused high purity silicon seated closely in ft 
circular recess in one of the lecher conductors. 
The other lecher conductor is provided with an 
opening in which is inserted a spring 34, the end 
35 of which presses down on the polished sur¬ 
face of the block 33 to make the rectifying con¬ 
tact. The spring 34 is held in position by a small 
plug 32 of electrically conducting material, fit¬ 
ting tightly in the opening and staked therein to 
secure the spring in position. 

Since the detector is near the open end of the 
lecher system it is at a point of substantially max¬ 
imum voltage. The semicircular lecher conduc¬ 
tors 19 extend back through the casing 13 and 
the annular member 14, as has previously been 
explained, is so nearly in contact with them that 
it serves as a short-circuiting path for high fre¬ 
quency energy thus determining the electrical 
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tuning frequency of the lecher circuit. Since the 
separation between the member 14 and the lecher 
conductors is sufficient to maintain them elec¬ 
trically separated at an Intermediate frequency, 
intermediate frequency oscillations which result 
from Interaction of the incoming high frequency 
oscillations and of any locally introduced oscilla¬ 
tions will be transmitted by the lecher conductors 
to the leads 24 which pass out through the side of 
member 23. 

The silicon body 33 may be ground to the de¬ 
sired shape and dimensions from a piece of the 
high purity silicon material which has already 
been described. The rough ground cylinder may 
be first cleaned with carbon tetrachloride and 
slightly etched in warm solution of potassium 
hydroxide. As an alternative it may bP cleaned 
elcctrolytically by a hydrogen wash in a strong 
alkaline solution. After cleaning, rhodium may 
be electroplated on the silicon in accordance with 
a process described in connection with Pig. 5. 
This results in a material reduction of the noise 
components introduced by the silicon body. After 
the electroplating the cylinder may be placed in 
a suitable chuck in a spindle mounted for rota¬ 
tion. One end of the cylinder may be ground flat 
and free from metal with a fine mesh diamond 
wheel. If the mesh of the wheel is not sufficiently 
fine the end surface may be polished with a mix¬ 
ture of a very fine air-separated aluminum oxide 
dust mixed with SAE 20 engine oil. This pro¬ 
duces a surface of a high polish. The polished 
surface may then be employed for contact recti¬ 
fication in conjunction with a point contact ele¬ 
ment. 

The spring contact member 34 of Fig. 4 pref¬ 
erably consists of tungsten wire having its sur¬ 
face. and particularly its tip portion, coated with 
highly conducting material such as the alloy of 
gold, silver and platinum disclosed in U. S. Patent 
937.284. issued October 19. 1909. to E. B. Craft 
and J. W. Harris, which is known as No. 1 contact 
metal, or with a platinum and iridium alloy. A 
contact wire of platinum-iridium alloy may also 
be used. 

In an actual apparatus constructed in accord¬ 
ance with the disclosures of Pigs. 2, 3 and 4 and 
designed to operate for reception of oscillations 
of 4 to 19 millimeters wave-length, the two semi¬ 
circular section lecher conductors 19. consisting 
of No. 1 contact metal, with their intervening 
mica strip 20 had a diameter of .053 inch. The 
silicon crystal employed as the element 33 of Pigs. 
3 and 4 was of cylindrical form with a diameter 
of .0173 inch and with a length equal to its di¬ 
ameter. The contact spring 34 was formed of 
seven or eight turns of .0009 inch diameter pure 
tungsten wire, gold plated. This spring was 
wound on a form so made that a straight piece 
protruded from one end of the spring. This end 
was cut off with a small scissors. 

The end surface of the block 33 of the rectifier 
contact device against which the spring 34 bears 
is. as has been explained, highly polished and rel¬ 
atively large. The smooth surface reduces the 
effect of distributed capacity and makes it much 
simpler to search for an effective rectifying con¬ 
tact area in adjustment of the apparatus. The 
contact resistance between the silicon cylinder 
and its supporting lecher conductor is reduced to 
a minimum by an aquadag coating on the cyl¬ 
inder. The tungsten spring wire 34 is carefully 
ground at the base end of the coil to have a large 
flat surface which may contact with the plug 32 
at its base. The tungsten material of the spring 


wire 34 has sufficient torsional elasticity at the 
very small wire diameters employed to exert suffi¬ 
cient pressure on the crystal block to effect and 
maintain a satisfactory rectifying contact. The 
5 pressure, although not particularly critical, is. in 
general, so adjusted as to be of the order of 2.5 
kilograms per square millimeter. 

The incoming oscillations received in chamber 
12 may be superposed therein upon local oscilla- 
10 tions supplied in any desirable manner as. e. g. 
from the local oscillation source 57 with its n - 
dlating antenna 58 as indicated in Pig. 2. The 
lecher conductors 18 pick up corresponding oscil¬ 
lation electromotive forces and impress them upon 
15 the detector 33. 34. 35. The intermediate fre¬ 
quency currents resulting from the operation of 
the detector may then be impressed by leads 24 
upon the remaining portion of the radio receiving 
system comprising, in tandem, the usual inter- 
20 mediate frequency amplifier IFA, intermediate 
frequency detector IFD. audio frequency ampli¬ 
fier APA and loudspeaker or other type of signal 
indicator. 

Another method of preparing high purity silicon 
25 crystal contact rectifier-detector units in accord¬ 
ance with the invention is illustrated in Pigs. 5. 
6 . 7 and 8. In accordance with this method a 
block 36 of approximately cubical form may be 
cut from the N zone of an ingot such as described 
30 in connection with Pig. 1. The bottom of the 
block is smoothed using an iron lap with 600 
mesh or, 1000 mesh aluminum oxide, number 95 
optical powder obtainable from the Carborund um 
Company, or Number M-302 optical powder ob- 
35 tainable from the American Optical Company. It 
is then lightly etched in a 25 per cent or 30 per 
cent solution of hot sodium hydroxide or potas¬ 
sium hydroxide. The etched surface of the block 
which was smoothed is then washed in distilled 
40 water and electroplated for a few minutes in a 
hot <60” C.) rhodium phosphate electroplating 
solution with a platinum anode at a current 
density just sufficient to discharge hydrogen, with 
the rhodium but not too vigorously. This is gen- 
45 erally at a potential of about 3.2 volts although 
the potential is frequently higher if the internal 
resistance of the silicon is high. The plated sur¬ 
face may then be tinned with a soft solder using 
zinc chloride acid flux. The silicon block 36 is 
50 then sweated or soldered to a brass jig 37 which 
mav be clamped in the cutting machine. 

Silicon is a difficult material to solder or to 
which to make intimate electrical connections. 
Ordinary commercial silicon is particularly dif- 
55 flcult in this respect and often cannot be sol¬ 
dered. With the high purity silicon material 
rhodium enables a very satisfactory joint to be 
made which does not loosen up. Moreover, rho¬ 
dium plating is found to be very highly resistant 
60 to corrosion. Accordingly the use of rhodium for 
this purpose is an important feature of the proc¬ 
ess of preparing satisfactory electrical translat¬ 
ing elements using high purity silicon. 

The silicon block 36. formed as described, is 
65 then slotted crosswise as illustrated in Fig. 5 
using a Ym inch thick metal wheel charged with 
diamond particles. A stream of distilled water 
is used to clear the cut particles from the kerf 
and to cool the surfaces. The cross slots produce 
70 pillars about Va inch square firmly anchored on 
the soldered surface. The upper surfaces of the 
pillars are new ground flat on an iron lap. e. g., 
with 600 mesh aluminum oxide and are rhodium 
plated in accordance with the process previously 
75 described. Thin slabs are now sliced off the 
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pillars by cuts perpendicular to the slots. This 
yields a plurality of thin square slabs 39 each 
rhodium plated on one flat face. Each of these 
slabs 39 Is carefully soldered to the head of a 
brass screw 40 as indicated in Figs. 6 and 7. 5 
The screws are made from y a inch hexagonal 
material, the heads being about inch thick 
and very flat. The silicon slab to be soldered 
onto the head is about y a inch square and .025 
Inch -thick. The soldering may be easily accom- 10 
pllshed by holding the two surfaces together hav¬ 
ing previously wetted the brass with zinc chloride 
add flux. The screw is then heated on a hot 
place or soldering iron until the joint or bond 
is formed. The unit is immediately plunged in 15 
cold water which dissolves the excess flux. Each 
slab is screwed into a jig and then rounded at 
41 using a diamond wheel 42 as shown in Fig. 7 
with water cooUng. A number of the units indi¬ 
cated in Fig. 7 are then screwed into a stainless 20 
steel jig 43 as indicated in Fig. 8 . The jig may 
be drcular and provided with threads so that it 
may be screwed into a threaded chuck. In actual 
operation such a jig has been used to grind 
twenty-four units simultaneously. A face plate 25 
44 of a special abrasive resistant steel attached 
to the Jig by a screw 45 supports the silicon 
detectors laterally and enables their tops to be 
simultaneously ground flat without undue round¬ 
ing at the margins of the outer surface. A lead 30 
lap with 1000 mesh aluminum oxide optical pow¬ 
der Is employed for this purpose. The powder 
may be applied from an Erlenmeyer flask in 
which it has been mixed with distilled water and 
about 1 per cent Ivory soap. The process is com- 35 
pleted by the application of a water wash while 
applying considerable pressure to the jig contain¬ 
ing the plurality of silicon units as it is being 
held on the lead lap with only the crushed abra¬ 
sive charged in the lead acting as the cutting 40 
medium. The water wash is made of about 1 
per cent Ivo-y soap solution and 5 per cent 
glycerine in distilled water. A final polish may 
be obtained using No. M-310 optical polishing 
rouge and a lead lap. The units are now washed 4r> 
with soap water and a brush. After cleaning 
away the abrasive they may be rinsed in clear 
water and dried on paper tissues. Each may then 
be screwed into a block of phenolic condensation 
material and a small amount of a freshly pre- 
pareo 1 or 2 per cent solution of hydrofluoric acid 
in concentrated nitric acid is applied to the pol¬ 
ished surface from a capillary tube. The acid is 
allowed to remain about 5 to 15 seconds and is 
then washed off after which the units are re- 55 
peatedly cleaned in distilled water and dried. 
The surface is then ready for use. 

The metallic contact point which cooperates 
with the silicon body may consist of fine tungsten 
wire. Tungsten has the advantage of maintain- 60 
ing its resiliency under severe operating condi- 
tlons. For this purpose a short section of tung- 
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generously covered with borax. The tempera¬ 
ture of the No. 1 metal should be so adjusted 
that a rounded end of the alloy is left on the tip 
of the wire which is to contact with the silicon 
material. The wire may then be cleaned in hot 
sodium or potassium hydroxide and washed in 
distilled water. The cleaned wire 48 is then spot 
welded at its other end to a coin silver support¬ 
ing member 47 as illustrated in Fig. 9. The coin 
silver member is fashioned to a predetermined 
size from material rolled to a scleroscopic hard¬ 
ness of 65 to 70. In this way the pressure can 
be controlled by a measurement of the spring 
displacement when the contact is set up. Very 
desirable rectifying characteristics have been ob¬ 
tained with such a contact at a pressure of about 
10 grams. A front view of the structure of Fig. 9 
is shown in Fig. 10. 

As an alternative to the tungsten contact wire 
with the alloy covered contact tip it has been 
found possible to use a wire consisting of a very 
fine wire of platinum-iridium alloy having its 
contact end surfaced flat. It is necessary, how¬ 
ever. to have the silicon detector plate very smooth 
so that the hard wire may not mar its surface. 
This construction has the advantage that smaller 
contact areas may be had with the requisite 
strength of wire to sustain the contact pressure 
and the shunt capacitance across the contact is 
reduced, thus making the device effective for os¬ 
cillations of 10.000 megacycles. The manufac¬ 
turing cost is also reduced by the elimination of 
the No. 1 contact metal. 

If desired, the platinum-iridium wire points 
may be given a smooth rounded contour. The 
wire to be treated may be set up under a micro¬ 
scope of 150 diameter magnification. A direct 
current arc is caused to play between the point 
as a cathode and a larger platinum anode. In 
the case of a .002 inch wire the current may be 
supplied at an electromotive force as high as 
5000 volts through a 2 megohm resistance from 
a high voltage rectifier with an arc gap of about 
1 millimeter between the platinum-iridium wire 
and the anode. As soon as the surface of the 
point is fused the power should be quickly turned 
off to prevent the formation of a globule of molten 
metal. 

Fig. 11 shows a detector unit capable of use in 
a high frequency stage in which a local oscilla¬ 
tor is employed. A brass block 48 through which 
a tubular aperture 49 passes also is provided with 
another tubular aperture 50 opening into the 
first. A centrally positioned conductor 51 is sup¬ 
ported within the aperture 49 to constitute a 
coaxial system. The conductor 51 is provided 
with terminal Jacks to permit a coaxial section 
to be connected at one end for the incoming high 
frequency waves and a second coaxial section to 
be connected at the other end for the beating 
oscillations from the local source. The conduc¬ 
tor 51 is held in position by a centrally apertured 
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It will be apparent that the high frequency 
contact detector Is connected In series between 
the central conductors 51 and 58 so that the 
superposed incoming high frequency oscillations 
and the local oscillations may be Impressed 5 
through the detecting unit in series with the ca¬ 
pacitance across the polystyrene sleeve 57 . How¬ 
ever, that capacitance is sufficiently small to pre¬ 
sent a high reactance to the Intermediate fre¬ 
quency oscillations to be transmitted along the io 
coaxial system 50 , 58 . 

The performance of high purity silicon detec¬ 
tors constructed in accordance with the invention 
may be better appreciated from the graphs of 
Pigs. 12 to 15, inclusive. Pig. 12 is plotted from 15 
the data for silicon steel contacts given by Austin 
at page 135, Bulletin of Bureau of Standards, 
1908. These data-were obtained from direct cur¬ 
rent measurements and indicate that the device 
passes relatively large currents in both directions 20 
even with small applied electromotive force. 

Pigs. 13. 14 and 15 are based upon oscillo¬ 
graphic records yielded in response to application 
of alternating electromotive forces to detectors 
constructed in accordance with this invention. 25 

Pig. 13 illustrates the rectifying performance 
of an average type N unit as obtained upon first 
contact. The characteristic changes after the 
contact has been “conditioned” by discharging a 
comparatively large condenser through it. For 30 
example, after charging a 4 microfarad capacity 
from a 9 volt battery and discharging it in the 
low resistance direction through a contact the 
initial performance of which is represented by 
Pig. 13. the characteristic changed to that of 35 
Pig. 14. This conditioning procedure stabilizes 
the contact performance and reduces the im¬ 
pedance of the contact. 

Pig. 14 represents the rectifying characteristic 
of a typical N type high purity silicon detector. 40 
For an alternating current electromotive force of 
1 volt the positive half wave yields a considerable 
current and the negative half wave a current 
which is very nearly negligible. The greatest 
change of current for a given change of electro- 45 
motive force in the 1 volt range under considera¬ 
tion occurs between about .3 volt and 1 volt. For 
impressed alternating electromotive forces of the 
order of 1 volt the rectified or direct current which 
results can be expressed roughly by the equation 50 
1=K&' 2 . where I is the rectified current and E 
the impressed alternating electromotive force. 

In fact the exponent of E is frequently greater 
than 7/2. This device, especially when it is used 
as a beat frequency detector, is therefore so ef- 55 
fective in this range, i. e. for electromotive forces 
up to 1 volt, that very little gain and generally a 
small loss is made by increasing the impressed 
electromotive force beyond about 1 volt. In com¬ 
parison with silicon contact rectifier-detectors 60 
of the prior art which exhibit a frequency con¬ 
version loss of the order of 20 decibels, the im¬ 
proved pure silicon N type detector of this in- 
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traverses the detector. Whereas in prior point 
contact detectors the current noise amounted to 
about 40 decibels above the thermal noise level 
of an equivalent resistance, in the N type de¬ 
tector unit of this invention the current noise 
may be less than 3 decibels above thermal noise 
and has indeed been frequently observed to be 
less than 1 decibel above the thermal noise of an 
equivalent resistance. This is obviously a very 
notable improvement. It may be observed that 
in respect to detector current noise the perform¬ 
ance of this improved detector is better than has 
been obtained with detectors of the electron dis¬ 
charge tube type. In still another respect the 
possibility of operating effectively at low electro¬ 
motive forces is advantageous. High impressed 
electromotive forces frequently have a tendency 
to cause pitting or production of minute craters 
at the highly polished surfaces of contact recti¬ 
fier detectors. This is effectively avoided by the 
low electromotive force device of this invention. 

Translating devices of the N type are also quite 
useful as modulators and harmonic producers. 
For such uses one is interested in higher power 
levels than in the case of first detectors. The 
fact that N type units can be selected to yield 
a very favorable front-to-back resistance ratio 
over a large range of electromotive force and at 
relatively high absolute electromotive forces ren¬ 
ders them important in these fields. For odd 
harmonic produtcion it may be desirable to im¬ 
press a unidirectional bias electromotive force 
upon the N type harmonic producer. This may 
be accomplished by inserting a series condenser 
in circuit with the N type unit to cause it to de¬ 
velop a self-biasing electromotive force. The ca¬ 
pacity of the condenser and the magnitude of 
the leak resistance in shunt to the condenser may 
be readily determined by trial. It may also be 
desirable to use a similar expedient to impress 
a small biasing electromotive force for detection 
of oscillations of electromotive forces of less than 
.3 volt peak magnitude in order to bring the de¬ 
tecting operation up to the knee of the rectify¬ 
ing characteristic. 

Pig. 15 illustrates the rectifying performance 
of an average detector of the P type. The lower 
resistance P type detectors are useful in volt¬ 
meters and signal detection. Ordinarily they are 
not subjected to more than about 2 volts but in 
special cases as high as 12 volts effective alter¬ 
nating potential may be applied. P type detec¬ 
tors exhibit a rectifying characteristic at low 
electromotive forces which may fairly be repre¬ 
sented by I~-KtE 2 where I is the direct current 
and E is the applied alternating potential. The 
P type rectifier characteristic is somewhat simi¬ 
lar to that of the old commercial silicon rectifiers 
of the prior art but the P type rectifier possesses 
a greatly superior front-to-back resistance ratio 
and is. therefore, very much more efficient as an 
energy converter than the best silicon detector 
of the prior art. This “square law" type of char¬ 
acteristic is advantageous for measuring energy 
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In sharp contrast to silicon contact detectors 
of the prior art the novel devices described are 
highly stable mechanically, ch emi cal l y and elec¬ 
trically. Once adjusted the contact may remain 
effective for a period of a month without further ® 
attention. Indeed some experimental devices 
still in use have remained in operation for a very 
much longer period. This eliminates the need for 
delicate and expensive adjusting devices for re¬ 
positioning the contact, which were essential in 1® 
most of the prior art contact detectors. These 
detectors are effective throughout the entire 
range up to oscillation frequencies beyond 10,000 
megacycles. Their output is of the order of 15 
decibels higher than that obtainable with silicon 15 
detectors of the most efficient prior types and 
they are very much more free from current noise 
reducing it to less than 3 decibels above thermal 
noise. 

Fig. 16 shows schematically a circuit for pro- 20 
ducing oscillations of odd harmonic frequencies 
of given fundamental oscillations. It comprises 
a source 67 of fundamental oscillations, an N 
type translating element 61. a transformer pri¬ 
mary winding 62 and a condenser 63 all in series. 25 
As has previously been explained the condenser 
may serve together with the rectifying element 
61 to develop the unidirectional biasing electro¬ 
motive force desirable to enable the system to 
operate most efficiently as a harmonic producer. 30 
A high leak resistance 64 permits the bias to de¬ 
velop in response to the rectifying action. A se¬ 
lective circuit 65 including the primary winding 
of the transformer selects the desired harmonic 
and impresses it upon a load circuit 66. 33 

The performance of a rectifying translating 
device of the type disclosed in this application and 
its most efficient design may be explained in part 
by reference to the circuit of Fig- 17 which is an 
approximately equivalent electrical circuit. Ri 40 
represents the resistance encountered in the body 
of the silicon. Ri the intrinsic resistance across 
the point contact measured at an exceedingly low 
impressed voltage. Ro represents the variable re¬ 
sistance which is of principal interest in the per- 45 
formance of the translating unit and which is, of 
course, utterly non-linear in character. The ca¬ 
pacity C is that at the point of contact between 
the metal point and the silicon surface. Ra is 
the shunt- resistance of all paths in the trans- 60 
lating device by which current may pass without 
traversing the rectifying path through Ro. In 
use at high frequencies it is the objective to make 
Ri as small as feasible. This is accomplished by 
making the silicon body very thin or choosing 65 
more highly conductive material or both. In cer¬ 
tain applications the silicon body has been made 
only Vsoo inch thick with no sacrifice of other 
properties. The resistance Ra which by-passes 
energy around the rectifying path of Ro should 60 
be made as large as possible. This is largely a 
matter of the choice of materials, the finishing 
of the silicon surface, the contact point size and 
the contact point pressure. The capacity C is 
also dependent upon the contact point area. If 65 
the resistance of Ri were zero the capacity C 
could be tuned out at very high frequencies but 
in practical design the most effective measure 
is to reduce the point diameter of the contact 
point. This immediately reduces the capacity 7o 
correspondingly. It also reduces the likelihood of 
a contact which might otherwise exist with a 
minute poor rectifying point close to the point 
in use for the Ro path. There is another practical 
advantage from the standpoint of manufacture, 76 
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cost, and maintenance since with exceedingly fine 
wire such as can be produced of platinum-iridium 
alloy it is possible to avoid having to flatten the 
ends of the point contact wire. Such points have 
been produced of wires .002 inch in diameter and 
even as small as .001 inch. The very small points 
are highly desirable for use when oscillations of 
wave-lengths as short as 3 centimeters or less are 
Involved. 

What is claimed is: 

1. An electrical translating device comprising 
a body of silicon of a purity in excess of 99 per 
cent and terminals electrically connected there¬ 
with for passing current therethrough. 

2. An electrical translating device comprising 
a body of silicon of the order of 99.8 per cent pure 
and terminals electrically connected therewith for 
passing current therethrough. 

3. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent and a rhodium plating on a portion of 
the surface thereof whereby a low impedance 
electrical contact to the silicon body may be ef¬ 
fected. 

4. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent, a rhodium plating on a portion of the 
surface of the body and a metallic electric con¬ 
ducting member soldered to the rhodium plating. 

5. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent and a metallic point contact held against 
the surface thereof whereby the device may serve 
as a point contact rectifier of electrical oscilla¬ 
tions. 

6. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent which is thennally electropositive and 
terminals electrically connected therewith for 
passing electric current therethrough. 

7. An electrical translating device comprising 
a body of silicon of a purity in excess of 99 per 
cent which is thermally electronegative and ter¬ 
minals electrically connected therewith for pass¬ 
ing electric current therethrough. 

8. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent which is thermally electronegative and 
terminals electrically connected therewith for 
passing electric current therethrough. 

9. An electrical translating device comprising a 
body of silicon of a purity in excess of 99 per 
cent and electrical connections to said body for 
impressing thereon a signal modified oscillation 
electromotive force to be detected whereby cur¬ 
rent components of the modifying signal fre¬ 
quency may be derived in consequence of the 
rectifying action of the silicon body. 

10. An electrical translating device comprising 
a body of silicon of a purity of the order of 99.8 
per cent and electrical connections to said body 
for impressing thereon a signal modified oscilla¬ 
tion electromotive force to be detected whereby 
current components of the modifying signal fre¬ 
quency may be derived in consequence of the 
rectifying action of the silicon body. 

11. A rectifying contact detector for electro¬ 
magnetic oscillations of millimeter wave-length 
range comprising a body of silicon of a purity in 
excess of 99.8 per cent, an electric conductor 
Joined thereto by a contact which is large in 
area and very intimate, the body of silicon hav¬ 
ing one highly polished surface, a second con¬ 
ductor electrically connected to the body by a 
member having a point contact which is relatively 
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small in area and which rests upon the polished lying substantially parallel to the surface of the 

surface with a relatively low pressure. Ingot which was last allowed to cool, a metal - 

12. A rectifying contact detector for very short 11c contact of small area In engagement with the 
electromagnetic oscillations comprising a body of surface of said plate. 

silicon containing more than 99 per cent silicon 6 18. A translator for electric waves comprising 

having one surface mechanically smoothed off to a body cut. from the P zone of an Ingot of silicon 

cooperate with a point contact element and a of a purity in excess of 99 per cent, and a metal 

conducting member having a point in contact contact point In engagement with the surface of 

with the surface. the body which is parallel to the barrier zone. 

13. A rectifying contact detector element com- 10 19. A translating device for electrical waves 

prising a body of silicon of a purity in excess of comprising a plate cut from a silicon body hav- 

99 per cent having a smoothed surface to enable lng a purity in excess of 99 per cent and having 

It to serve as a contact rectifier and having a back zones of different electrical properties, the char- 

contact surface plated with rhodium to reduce acterlstlcs of said device depending upon the zone 

noise currents. 15 at which said plate Is cut, and a metallic contact 

14. A detector for electrical oscillations com- element engaging the surface of said plate, 

prising a thin plate cut from a silicon Ingot hav- 20. A translating device for electrical waves 
lng a purity in excess of 99 per cent, the plate comprising a thin plate of fused and crystallized 

lying substantially parallel to the surface of the silicon of a degree of purity In excess of 99 per 

ingot which was first to cool and a metallic con- 20 cent, said plate being selectively cut from a 
tact of small area engaging a surface of the plate. silicon ingot having zones of different electrical 

15. A detector for electrical waves comprising characteristics. 

a body cut from the N zone of an ingot of silicon 21. An electrical translating device comprising 
of a purity in excess of 99 per cent and a metallic a body of crystalline silicon and a fine contact 

contact point in engagement with a surface of 25 wlr © making a resilient point contact with the 
the body which is parallel to the barrier zone. surface of said body, said silicon body having a 

16. An electrical translating device which is purity in excess of 99 per cent to give said con- 

effective at all frequencies in the microwave range tact surface a high degree of uniformity and 

comprising silicon crystal of high chemical purity stability. 

and a fine contact wire making a resilient point- 30 22. An electrical rectifying device for use in 

contact with the surface of said crystal, the ef- the microwave range comprising a silicon body 

fectiveness of said translating device over said having a contact surface and a fine contact wire 

range depending upon the high degree of purity making a resilient point contact with said surface, 

of said crystal which exceeds 99 per cent. said silicon body having a purity in excess of 99.8 

17. A translating device for electrical waves 35 per cent for giving said surface a high degree of 
comprising a thin plate cut from a silicon ingot uniformity and contact stability. 

having a purity In excess of 99 per cent, the plate RUSSELL 8. OHL. 
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ON CONTACT RECTIFICATION BY METALLIC GERMANIUM 

By Ernest Merritt 
Department op Physics. Cornell University 

In a recent note 1 I have called attention to the significance of the 
phenomena of contact rectification in their bearing upon theories of 
thermo-electric power and have suggested that because of the relative 
simplicity of the conditions the study of these phenomena in the case of 
the elements is especially desirable. Experiments with selenium contacts 
were described in the September number of these Proceedings. The 
search for elements showing rectifying properties has been continued and 
in the present communication I shall describe the measurements made 
thus far with metallic germanium. 

The high thermo-electric power of germanium;* the fact that in 
Mendeleef's series Ge falls in the same group as Si, which is one of the 
best rectifying materials known; and the further fact that Ge and Si 
have the same crystal form, all lead us to expect that germanium contacts 
will show rectifying properties. This expectation has been confirmed 
by tests made with a specimen of this rare metal weighing twelve grams 
which was loaned to me by Professor L. M. Dennis. The rectifying 
action with Ge is less marked than with many other materials, but the 
contacts are quite stable and the behavior at different points on the sur¬ 
face is more uniform than in the case of most crystal rectifiers. Except 
in certain unusual cases mentioned below the resistance of a Ge contact 
is least for a current flowing into the Ge from the contact point. This 
is also the direction of the rectified current when an alternating e.mi. 
is used. It will be noticed that the direction of rectification is opposite 
to that found for Se. 

In experiments on rectifying contacts it is, of course, necessary to make 
electrical connection with the sensitive material at two points. In the 
case of crystal detectors it is customary to mount the crystal in such a way 
as to make one of the contacts of relatively large area, the tacit assumption 
being that if the area of contact is sufficiently great the current density 
will be so small that any rectifying action at this large contact will be 
negligible. A common procedure is to mount the specimen in melted 
solder or Wood’s metal. With most crystals the matter is simplified 
by the fact that the rectifying or detecting action is confined to certain 
sensitive spots, while the greater part of the surface is relatively inactive. 
With Ge, however, practically all parts of the surface seems to be active, 
so that it is particularly important that the area of contact with the 
support should be large. Since.it did not seem desirable to use solder 
or Wood’s metal the specimen was clamped between two iron jaws, the 
latter being covered with several layers of tin foil, or of iron or copper 
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gauze to give a yielding surface and a larger contact area. Until this 
procedure was adopted erratic results were obtained which axe probably 
to be ascribed to imperfect connection between the specimen and its 
support. 

The resistance of the contacts used was sufficiently low so that the 
fall of potential ’through the measuring instrument was appreciable. 
To simplify the procedure a Weston voltmeter placed in series with the 
contact was used as an ammeter, with a reversing key so located as to 
reverse the current through the contact but not through the voltmeter. 
The reading of this instrument gave at once the correction to be applied 
to the applied e.m.f. (as measured by a second voltmeter) while the read¬ 
ing divided by the resistance of the instrument gave the current through 
the contact. The current sensitivity was adjusted to any desired value 
by means of shunts. 

The contacts to be used were made by pressing the rounded end (radius 
of curvature about 0.5 mm.) of various metal rods against the Ge surface 
by means of a spring. To avoid disturbances due to vibration the whole 
apparatus was mounted on a block of wood that was supported by stretched 
rubber bands. In the case of all the results here recorded contact was 
made with a part of the Ge surface that had been polished with emery. 

Characteristic curves for several typical contacts are shown in figure 1. 
These were all taken with the Ge surface freshly polished. With the 
applied e.m.f. less than 3 volts the contacts were stable and the curves 
could be reproduced. It will be noticed that the asymmetry of the char¬ 
acteristics is not nearly so marked as in the case of Se 1 or of many of 
the crystals used in crystal detectors. 

Contacts at different points on the Ge surface did not give identical 
characteristics. But the differences were usually not great; and the 
change resulting from the use of a different metal for the contact point 
often seemed to be greater than that due to a change in the position of 
the contact. The curves plotted in figure 1 have been selected as repre¬ 
senting in each case the average behavior of contacts with the metal named. 
The characteristics for Pt and Cu contacts fall so dose to that for Fe that 
they have not been plotted. A1 and Zn also gave nearly identical char¬ 
acteristics. In fact all five of these metals were so nearly alike in their 
behavior that their relative position on the plot is probably not significant 

There can scarcely be any doubt, however, that a real difference exists 
between the behavior of Bi and Sb. The contacts of these two metals for 
which characteristics are shown in figure 1 differed greatly in resistance. 
But although the bismuth contacts almost always had the higher re¬ 
sistance, I do not regard this difference as of great significance, since 
the resistance of a contact depends so greatly upon the pressure and the 
area. The bismuth contacts varied in resistance more than in the case 
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of any of the other metals studied and some bismuth contacts had re¬ 
sistances as small as that of the antimony contacts. The most significant 
difference between the two metals was in the form of the characteristic. 
The antimony characteristic in figure 1, which is typical of all those ob¬ 
served, shows a marked difference between the positive and negative 
branches, while all of the bismuth characteristics that I have observed 
have their positive and negative branches nearly alike. In other words 
antimony gives better rectifying contacts than bismuth. 

The anomalous behavior of Bi contacts was more marked when the 
surface of the Ge was slightly tarnished, as was always the case after 
heating. Contacts with a tarnished surface always showed a much 
higher resistance than contacts with a freshly cleaned surface. With 



Current-voltage characteristics for contacts between G* 
and Bi. Al, re and Sb. 

Bi the two branches of the characteristic were nearly alike, althou gh 
the current through the contact from Bi to Ge was usually greater than 
the current for the same e.m.f. reversed. But contacts were frequently 
found for which the current was greater in the direction Ge to Bi. With 
an alternating e.m.f., Bi contacts usually gave normal rectification, i.e., 
the rectified current flowed from Bi to Ge. But many contacts were 
found which gave no rectification* while a few gave rectification in the 
opposite sense. In the case of such contacts the direction of the current 
developed by warming the Bi contact was also reversed, being, in each 
case, opposite to the rectified current. Some contacts were found which 
rectified normally for light pressure but in which the rectified current 
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was reversed when the pressure was increased. In these contacts the 
direction of the thermo-electric effect was normal and was not reversed by 
pressure. 

Selenium contacts sometimes show a similar reversal of rectification. 
The development of a thermal e.m.f. because of heating at the contact 
offers a plausible explanation of such reversals. But the magnitude of 
the reversed effect raises some doubt as to the correctness of this expla¬ 
nation. Further study of these anomalous effects is much to be desired 
but is made difficult by the instability of the contacts that show such 
effects. 



FIGURE 2 FIGURE 2 

A. Contact between Ce and Sb. B. Contacts between polished G* and different 
Contact between Ce and steel. corners of a broken piece of G*. 

It seems probable that the relatively small rectifying action of bismuth 
contacts and the occasional reversal of the direction of the rectified c ur re n t 
and of the thermo-electric effect are connected with the fact that Bi lies 
much closer to Ge in the thermo-electric series than any of the other metals 
used. The results thus indicate that the connection between thermo* 
electric power and rectifying action is extremely close. 

With Ge contacts, as in the case of Se contacts, each branch of the 
characteristic approaches a linear asymptote for large values of the applied 
e.m.f. In the case of the negative branch this is often not at all obvious, 
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for the contacts are even more likely to break down at high e.m.f s. than 
are Se contacts and it is rarely possible to follow the negative branch 
far enough to make sure that it approaches an asymptote. Curves for 
two unusually stable contacts are shown in figure 2. It will be noticed 
that the two asymptotes are quite accurately parallel, as was found to 
be the case with Se contacts. Curve A of figure 3 also shows parallel 
asymptotes. 

The two characteristics shown in figure 3 are for contacts between pol¬ 
ished Ge and two different corners of a broken piece of the same metal. 
While curve A shows as great a difference between its two brandies m 
either of the curves in figure 1, curve B is nearly symmetrical. The fact 
that the characteristic is curved indicates, however, that for either direction 
of current there is a marked deviation from Ohm’s law. The non-linear 
character of the characteristics is probably in all cases more significant 
than the fact that the two branches are usually unlike. 

Bidwell 1 has found that the thermo-electric power of Ge against 
Pt reverses sign at about 300°C. Since the direction of the rec¬ 
tified current in contact de¬ 
tectors is usually opposite 
to the current produced by 
heating it seemed of interest 
to study the behavior of Ge 
contacts at temperatures 
above the reversal point, 
the expectation being that 
the rectification would also 
be reversed. The specimen 
was therefore placed in a 
furnace and characteristics 
were determined at different 
temperatures as the furnace 
was heated and then allowed 
to cool. A copper-advance 
thermo-element was used in 
measuring the temperature; (ct 

since no special precautions a before bcstuif. P .ftrr coofac. 

were taken to secure high 

accuracy errors of as much as 10°C. are not unlikely. A aeries of charac¬ 
teristics determined in this way is shown in figure 4. 

It will be noticed that the resistance of the contact is greatly reduced 
at high temperatures. At 400°C. the resistance, which was of the order 
200 ohms at ordinary temperatures, had fallen to about 5 ohms. For 
temperatures up to 200°C. the resistance was least for the di rection 
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contact to Ge—i.e., when electrons passed out of the Ge at the crartatt 
Bat the asymmetry of the characteristic became less as the te mp er at ure 
was raised. At 185°C. some difference was still observable, theresistaace 
being 39 ohms in one direction and 45 ohms in the other. Bat at 220°C. 
when the resistance had fallen to 5 ohms, and for higher temperatures, up 
difference between the two directions could be detected. In the hope 
that rectifying action might be detected by a more sensitive m easu r in g 
instrument the voltmeter was replaced ‘by a galvanometer and an alter¬ 
nating e.m.f. of about 1 volt was used. At temperatures above 200°C, 
the galvanometer deflections were small and erratic; if any rectification 
occurred it was so small as to be entirely masked by the uncertainties of 
measurement. But upon cooling below 200°C., the rectifying action 
increased with great rapidity; a change of 10° in the temperature of the 
contact caused the galvanometer deflection to increase from 1 division or 
less to more than 150. 

The resistance of the contact after cooling was always considerably 
greater, and the asymmetry of the characteristic more marked, than 
before heating. A difference between the original and final characteristic 
such as is shown in figure 4 in curves A and F was found in all cases. There 
can be no doubt that this change was due to the formation of a 
presumably of the oxide, on the Ge. The pr esence of such a film was 
indicated by the fact that the polished Ge surface usually showed a slightly 
tarnished appearance after heating. Although too thin to show inter¬ 
ference colors this film was of extremely high resistance. When the contact 
point was pressed only lightly against such a film-coveted ygfacc—c^., 
by its own weight—the resistance was often as great as ten 
Upon using more pressure or by rubbing the contact point bade and forth 
the resistance was greatly reduced, and by repolishing the Ge surface 
the conditions before heating were restored. The rapid diminution in 
the resistance of the contact as the temperature is raised is what would be 
expected if the film consisted of an oxide of germanium. The results 
therefore support the view* that the presence of a high resistance film 
is an important and possibly an essential factor in determining the be¬ 
havior of contact rectifiers. 

»Merritt, E. Proc. Nat. Acad. Sci.. 11, 571.1825. 

•Bklwrfl.CC. Phytic Ret., 19,447,1822. 

* Indications that a film separates the two serf aces in a r ec tify inf contact have bean 
found by numerous observers. Perhaps the most direct evidence of the imp ort an ce a t 
swch a film is to be found in the papers of Goddard and Flowers here ref erred to: God¬ 
dard, R. H.. Phytic Ret., 34, p. 423,1912, and Flowers, A. E.. Ibid., 29,446,1909. 
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1 

The present invention relates to an improve¬ 
ment in alloys of germanium, and more particu¬ 
larly to rectifiers of electricity, which offer low re¬ 
sistance to current flow in one direction there¬ 
through and high resistance to current flow in 
the opposite direction, made of such alloys. 

In the detailed description of our invention 
following hereinafter, it will be observed that 
several of the elements which may be combined 
with germanium are not metals so that the re¬ 
sultant materials are not alloys in the common 
meaning of the word. However, for purposes 
of the present disclosure, it is to be understood 
that the word "alloy of germanium" as used 
herein, means to include a union of two or more 
elements, one of which is germanium, and the 
other or others being metals, non-metals, or gases, 
and the combination of which exhibits electrical 
properties such as are found in metals and semi¬ 
conductors! 

The known contact rectifiers, i. e., rectifiers 
comprising suitable metal electrodes, and a semi¬ 
conductor have at least one of the following dis¬ 
advantages: 

1. Inability to withstand in continuous use volt¬ 
ages in the back or high resistance direction 
greater than about 10 volts without permanent 
injury to the rectifier. 

2. Inability to pass sufficient current in the 
forward direction for satisfactory operation of as¬ 
sociated apparatus. 

3. Low back resistance prohibiting use of the 
rectifier in high impedance circuits, that is, cir¬ 
cuits over about 100,000 ohms. 

4. Seriously decreased efficiency in rectifying 
at frequencies greater than about l to 5 mega¬ 
cycles. 

5. Capacity too high to allow efficient operation 
at frequencies greater than about 5 megacycles. 

Due to the aforesaid deficiencies of these known 
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contact rectifiers, the art turned to widespread 
use of vacuum tube diodes for rectifying alternat¬ 
ing currents. However, vacuum tube diodes, 
while overcoming certain of the aforementioned 
g disadvantages of the known contact rectifiers, in 
turn have the following disadvantages: 

1 . Inter-electrode capacities which are seriously 
objectionable at high frequencies. 

2. Low forward direction conductance. 

10 3. Requirement of power for heating a cathode. 

4. Require a large amount of space as com¬ 
pared to a contact rectifier. 

The germanium alloys of our present inven¬ 
tion may be used as the semi-conductors for ree¬ 
ls tillers of the contact type, which, according to 
one embodiment of our invention, possess the 
following general advantages over known con¬ 
tact rectifiers: 

1. Ability to withstand continuous operating 
20 voltages greater than 10 volts in the back direc¬ 
tion, and some of which are capable of with¬ 
standing voltages in the back direction of an or¬ 
der approaching 200 volts. 

2. Low forward resistances, for example, 30 to 
25 100 ohms at one volt. 

3. High back resistances, at about 4 volts rang¬ 
ing from about 10,000 ohms to several megohms. 

4. May be used with frequencies up to 60 mega¬ 
cycles and will still rectify at 3.000 megacycles. 

30 5. Provide rectifiers of low capacity of about 

0.5 micromicrofarad. 

6 . Less than 50% decrease in peak back volt¬ 
age when ambient temperature increases from 
23° C. to 75° C. 

35 7. Do not require power for heating a cathode; 

and 

8 . Do not require more space than about that 
needed for a common one-half watt carbon re¬ 
sistor. 

40 The germanium alloys herein disclosed are all 




3,514,870 


3 

of the class of N-type semi-conductors. 1. e., 
semi-conductors which when made into contact 
type rectifiers present a high resistance to cur¬ 
rent flow across the rectifying contact when the 
semi-conductor is positive and the contacting 
metal electrode or whisker is negative, and a 
lower resistance when the potential is reversed. 

The various germanium alloys of our inven¬ 
tion will be described and compared according 
to the properties they exhibit when made into 
contact type rectifiers. Specific electrical prop¬ 
erties hereafter referred to are: 

Peak back voltage .—The voltage-current char¬ 
acteristics measured on rectifiers using the alloys 
of our invention show a voltage peak in the back 
or high resistance direction. This peak gener¬ 
ally occurs within a range greater than 10 volts 
and approaching the order of 200 volts. It will 
also appear that all of these rectifiers using alloys 
of our invention exhibit a negative resistance 
region in the back direction for currents exceed¬ 
ing the current at the peak back voltage. 

Back resistance .—In the back or high resist¬ 
ance direction these rectifiers have resistances 
ranging from the order of 10.000 ohms to several 
megohms as measured at about 5 volts.' High 
resistances are substantially maintained nearly 
to the peak back voltage. 

Forward conductance .—The currents passed at 
one volt in the forward or low resistance direc¬ 
tion for these rectifiers generally lie within the 
range between 5 milliamperes and 40 milliam- 
peres. Actually, somewhat higher currents may 
be permitted to pass in the forward direction 
without impairment of the rectifying contact. As 
will be described later herein, currents greater 
than 100 milliamperes are sometimes deliberately 
passed momentarily in the forward direction to 
produce improvement in certain contact charac¬ 
teristics. 

The N-type semi-conductors of our invention 
comprise germanium having small amounts of 
one of the following elements or certain com¬ 
binations thereof alloyed therewith: 

Copper and silver of Column I of the periodic 
table; 

Magnesium, calcium, zinc, strontium, cadmi¬ 
um, or barium of Column II of the periodic 
table; 

Ti tani um, tin, or lead, of Column TV of the 
periodic table; 

Nitrogen, vanadium, columbium. tantalum, or 
bismuth of Column V of the periodic table; 

Chromium or uranium of Column VI of the 
periodic table. 

Cobalt, nickel, or palladium of Column VIII 
of the periodic table. 

N-type semi-conductors of germanium may 
also be formed by alloying small amounts of.^For 
example, phosphorous, arsenic, or antimony with 
germanium, but in rectifiers using such semi¬ 
conductors it has been found that excessive 
currents pass at voltages greater than about 3 
to 10 volts in the back direction which perma¬ 
nently injure the rectifying contact. It will be 
understood therefore that our present invention 
only relates to semi-conductors of the N-type 
which exhibit high back voltage characteristics 
in excess of at least 10 volts, and does not con¬ 
cern all N-type semi-conductors consisting of an 
alloy of germanium, as for example, the group 
last referred to. 

Other features and advantages of our inven¬ 
tion will appear from the detail description. 

Now, is order to acquaint those skilled in the 
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art with the manner of making alloys In ac¬ 
cordance with our invention, the utilization 
thereof as rectifiers of electricity, we shall de¬ 
scribe in connection with the accompanying 
g drawings and the tables following hereafter cer¬ 
tain of the processes used in making the alloys 
which lie within our invention. 

In the drawings: 

Figure 1 shows the voltage-current character- 
10 istlc curves of several rectifiers using certain of 
the alloys of our invention, which curves are not 
to be taken as typical of given alloys but merely 
to represent the type of characteristic exhibited 
by such alloys in general. 

15 Figure 2 is a graph illustrating the electrical 
characteristics of rectifiers using different types 
of surfaces on one alloy of our invention. 

Figure 3 is a sectional view of a rectifier, the 
semi-conductor of which comprises an alloy of 
SO our present invention. 

Each alloy represented by the curves of Fig¬ 
ure 1 is designated by a code number. The latter 
part of each code denotes the amount in atomic 
percent of the particular element or elements 
25 added to germanium to produce that alloy. No 
atomic percentage figures for the addition of 
nitrogen to germanium are given since it is diffi¬ 
cult to determine accurately the amount or num¬ 
ber of nitrogen atoms alloyed with the ger- 
30 manium. 

In the following Table I there are set forth 
minimum, average, and maximum values of peak 
back voltage and forward current obtained on 
rectifying contacts using certain germanium al- 
35 loys which we have made in accordance with the 
general procedure to be described later. The 
amount of the added element alloyed with ger¬ 
manium is set forth for each melt in atomic per¬ 
cent, 1. e., the proportionate number of atoms 
40 in percent of the elements added to the total 
number of the atoms of germanium and added 
elements present. For purposes of adequately 
setting forth and claiming our invention, these 
additions to germanium are to be understood as 
45 being included in the term “Group A° used here¬ 
inafter. Substantially all melts in which the 
addition consisted of a single element made to 
date in accordance with our invention are con- 
B0 tained in Table I. It will be observed from that 
table that a large number of melts with certain 
added elements were prepared and it will be un¬ 
derstood that the results given are the average 
results of all of the melts in each instance. It 
M is to be understood, however, that the spread or 
range of values given in connection with each 
of the elements added to germanium might not 
be true for any particular melt of such addi¬ 
tion agent. Characteristics for rectifying con- 
„ tacts on any given alloy will lie somewhere with¬ 
in the range given. Further, all points on any 
given alloy listed in Table I and Table n, referred 
to hereinafter, will not exhibit the same electri¬ 
cal characteristics. Points may be found on each 
gg of the alloys disclosed at which the peak back 
voltages, back resistances, or forward currents 
lie in the lower regions of the ranges given above 
for these values. Also on the same surface of 
each alloy other points of contact may usually 
70 be found with electrical characteristics which lie 
toward the upper limit of the ranges above set 
out. However, as will later be discussed in more 
detail, some of the alloys are of greater uniform¬ 
ity than others with respect to rectification char- 
75 ac ter is tics. 
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[la atomic per cent.] 



In Table n below there are set forth the melts 
in which two elements have been alloyed with 
germanium. The additions of these combina¬ 
tions of elements are also set forth in atomic 
percent as previously defined. It will be under¬ 
stood that the alloys set forth in this table are 
also to be included in the term “Group A" above 
referred to for purposes of claiming our present 
Invention. The peak back voltages and the for¬ 
ward currents at one volt of rectifiers made of 
these alloys are also set forth in this table. 

TABLE H 

Melts of more than one addition to germanium 


[In atomic per oent.] 


Additions and 
Percentages 

Peak Back Voltage, 
Volts 

Forward Current at 
one volt, Milllamperea 

Min. 

Ave. 

Max. 

Miu. 

Ave. 

Max. 

.70 Bi. .20 Sn. 

20 

25 

50 

8 

16 

25 

J3 Cu. .70 Sn..- 

25 

40 

150 

15 

20 

30 

.21 Cu. .66 Sn_ 

IS 

60 

80 

15 

22 

50 

.21 Cu. .98 Sn.. 

15 

40 

66 

15 

30 

60 

.80 Cu, JO Sn. 

50 

70 

110 

5 

14 

20 

.80 Sr. JO Sn.. 

60 

70 

100 

6 

15 

35 

.50 Ni. .50 Sr . 

55 

75 

100 

9 

30 

30 

.50 Pd. .80 Sr. 

35 

65 

90 

8 

15 

25 

.50 Pd. .80 Sr. 

35 

60 

95 

5 

12 

20 

.50 Ni. .10 Sr. 

39 

60 

95 

8 

15 

25 

.50 Ni. .30 M*_ 

20 

50 

75 

12 

20 

40 

.50 Ni. JO Cu... 

25 

45 

75 

10 

20 

35 

.50 Ni. .50 Sr. 

30 

40 

50 

9 

12 

14 

JO Ni. .50 Sr- 

15 

25 

35 

10 

15 

20 

.50 Ni. 1.00 Sr. 

60 

90 

160 

10 

15 

25 

1.00 Ca. 1.00 Sr. 

10 

30 

60 

13 

20 

25 

JO Mu. .50 Sr_ 

10 

30 

45 

10 

20 

40 

1.00 Ni, .50 Sr. 

30 

65 

100 

7 

10 

18 

1.20 Sn, J2 Sr. 

20 

100 

165 

6 

13 

19 

1.20 Sn. J2 Sr. 

15 

90 

100 

6 

10 

15 

1.00 NI. .50 Sn. 

30 

70 

no 

15 

20 

25 

1.00 Ni. .50 Sn. 

15 

60 

90 

1 

9 

19 

.80 Ca, .40 Cu. 

35 

75 

140 

2 

7 

9 

.80 Ca. .40 Cu.. 

15 

40 

75 

3 

5 

7 

.10 Sn. .40 Ca.. 

70 

100 

175 

8 

16 

24 


The germanium alloys of our invention may be 
prepared in all cases except for the germanium- 
nitrogen alloy, by melting pure germanium with 
the desired alloying element or combination of 
elements in either a high vacuum of the order of 
10-® mm. mercury at about 1000* C. or in an at¬ 
mosphere of helium. Precaution should be taken 
to prevent the accidental Introduction of un¬ 
known and perhaps detrimental Impurities into 


the melt from sources such as the crucible or boat 
30 in which the ingredients are disposed for melt¬ 
ing, the furnace itself, or some material volatil¬ 
ized in the furnace. Alloying germanium with 
nitrogen may be effected by melting the ger¬ 
manium in an atmosphere of nitrogen which may 
35 be either purified nitrogen or nitrogen direct 
from a commercial cylinder. The germanium is 
melted in nitrogen at pressures ranging from 
about 2 mm. to 760 mm. Hg at a temperature of 
1000° to 1050° C. Good results appear to be in r 
40 dependent of pressure and melts prepared with¬ 
in the above range of pressures were all satis¬ 
factory. 

The germanium successfully used for these al¬ 
loys had purity approaching 100%, and electrical 
resistivity greater than about one ohm cm. The 
45 germanium which we have successfully alloyed 
with other elements to form the alloys listed in 
Tables I and II was prepared from GeOj obtained 
from the Eagle-Picher Lead Company of Joplin. 
Missouri. The oxide was reduced in an atmos- 
50 phere of commercial hydrogen at temperatures of 
650° to 700° C. over a period of three to four 
hours. The oxide reduced in this manner leaves 
the germanium metal in the form of a gray-green 
powder which is then alloyed with another ele- 
55 ment or elements in the manner and proportions 
described. 

The aforesaid melts of germanium and the 
added element or elements were held in the 
molten state long enough to allow mixing of the 
60 constituents, and it has been found that about 5 
to 15 minutes is sufficient for this purpose. Usu¬ 
ally ingredients to form melts of about five to six 
grams each were used in proportions above set 
forth in detail. After the constituents had been 
65 allowed to mix, the melts were allowed to solidify 
and cool which was accomplished either by im¬ 
mediately removing heat or by controlled cool¬ 
ing apparatus. In certain cases the uniformity 
of the melt is affected by the manner in which 
70 it is cooled. These variations will be discussed 
later. 

A specific melt in accordance with our inven¬ 
tion was prepared as follows: 

Pure GeOa was reduced in hydrogen at atmos- 
75 pheric pressure for about three hours at 650° to 
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700 * C. Six grams of pure germanium powder so 
obtained were then placed In a porcelain crucible 
together with small flakes of pure tin amount¬ 
ing to 25 milligrams or about 0.8 atomic percent 
of tin. 5 

The crucible and contents were then placed in¬ 
side a graphite cylinder used as a heater In the 
high frequency field of an Induction furnace, and 
lowered In a vertical quartz tube which was then 
evacuated and maintained at a pressure of about io 
10 -6 mm. mercury. Power was then applied to 
the external coll of the induction furnace to melt 
the germanium and hold it molten for about 5 
minutes. The melt was then allowed to cool by 
merely turning off the power to the coil. There- 15 
after wafers were cut from the alloy, and were 
soldered with soft-solder to a suitable metal elec- 
trode to produce a very low resistance non-recti¬ 
fying contact with one face of the wafer. The ex¬ 
posed face was then ground with 600 mesh alu- 20 
min* and etched for 2 minutes with an etching 
solution consisting essentially of HNO 3 , HP, 
Cu(NCb)a and water in proportions to be later 
described herein. These wafers were then assem¬ 
bled In suitable cartridges each provided with a 25 
conventional metal electrode or whisker which 
was used to contact the alloy surface. Across the 
rectifying contact thus produced we obtain the 
electrical characteristics described above. 

As mentioned in the above specific example, 30 
the surfaces of these alloys are usually ground 
flat and then etched in a manner to be described 
in detail. However, as hereinafter related, the 
etching of the alloy surfaces is not essential since, 
for example, by breaking open a melt, points may 35 
be found which exhibit the aforementioned elec¬ 
trical rectifying characteristics. Such broken 
surfaces present geometrically irregular faces 
which introduce some difficulty in assembly of 
the rectifiers. Thus, grinding the alloy surface 40 
flat and etching it appears to be the most feasible 
manner of producing the rectifiers in the com¬ 
mercial practicing of our invention. 

Prom the above Table I it will be observed that 
the majority of experimental work conducted In 45 
the development of our invention has been with 
the alloy germanium-tin. In connection with 
our experimental work with tin it has been found 
that above 0.1 atomic percent of tin content, 
the amount of tin added Is not critical. Ger- 50 
manium containing above about 0.1 percent tin 
usually shows tin separated out, both at internal 
grain boundaries and on the outer surfaces. In 
some melts containing tin In excess of 0.1 atomic 
percent, ductile layers of this tin-rich material 55 
were frequently observed, particularly In the 
lower regions of the melt. In this connection 
we wish to observe that in making the ger¬ 
manium-tin alloys it is desirable in producing 
the melt that the boat or crucible in which the $$ 
elements are contained be gradually removed 
from the hot furnace region. This will produce 
more uniform alloys, particularly If the melt Is 
so removed that the top region of the melt is 
the last part to cool. It appears that germanium 55 
becomes saturated at about 0.1 percent tin under 
the melting and cooling conditions used. How¬ 
ever, in our experimental work larger amounts 
of tin were added in order to observe if such 
solubility depended upon the amount of tin avail- 70 
able; more tin merely segregated. At 17 atomic 
percent addition of tin, the entire melt was inter¬ 
laced with tin-rich veins which had metallic 
low resistance ohmic conductivity. 

With bismuth additions it Is difficult to control 79 
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the amount of bismuth actually remaining In 
the germanium during the melting cycle. A con¬ 
siderable fraction of the bismuth volatilizes so 
that quantities added have little relation to the 
quantities actually remaining in the melt. How¬ 
ever, the results Indicated in Table I in connec¬ 
tion with bismuth were obtained by the addition 
of bismuth to the extent there Indicated. 

After the melts have been made as above de¬ 
scribed they are suitable for use as rectifiers of 
electricity by simply making contact with the 
surfaces of such alloys with suitable electrodes 
or whiskers. In most of our experimental work 
a 5 mil tungsten whisker sharpened electrolytl- 
cally with a tip diameter of less th*n 0.1 mil was 
used as one electrode or w hisker , the other elec¬ 
trical contact usually being made by soldering 
the alloy to a suitable conductor. However, 
tests have shown that the peak back voltages of 
rectifiers made from the alloys of our invention 
are little affected by the metal of which the 
whisker Is made. Whiskers made of the follow¬ 
ing metals have been tried and only very slight 
deviations were noted over a large number of 
points of contact with the alloys of our invention: 
Mn, Pt, Ta, Ni. Pe. Zn. Mo, W, Au. Cu, Ag, Zr, 
Pt-Ir, and Pt-Ru. It appears therefore that 
choice of a whisker material may be determined 
on the basis of requirements other th«.n the peak 
back voltage on rectifiers using the alloys. These 
electrodes or whiskers may have contact with 
the surfaces of the alloys as formed upon solidi¬ 
fication, or on surfaces exposed by breaking the 
melt. As mentioned above, however, it Is de¬ 
sirable to grind and etch the surface. Thus in 
one method of producing rectifiers using the 
alloys of our Invention, the melts, which usually 
were of pellet form 5 to 10 millimeters thick, may 
be cut into thin plates or slabs and a surface 
thereof ground with a suitable abrasive such as 
600 mesh alumina (AJ2O3). The abrasive used 
Is not critical In that it has been found that 
other abrasives such as CnAj. MgO. VaaCb, SnOa, 
ZnO and 4-0 paper are equally satisfactory This 
may then be followed by a further grinding step 
with fine emery paper although this grinding 
step may be e limin ated. If desired, without sub¬ 
stantially altering the final product. The surface 
of the plate or slab is then etched with a suitable 
etching solution which in one modification of our 
invention has the following approximate com¬ 
position: 

4 parts by volume hydrofluoric acid ( 48 % re¬ 
agent) 

4 parts by volume distilled water 
2 parts by volume concentrated nitric acid 
200 milligrams CutNOala to each 10 cc. of solu¬ 
tion. 

Such a solution will satisiactorily etch the sur¬ 
face of the plates or slabs in about 1 to 2 minutes 
at room temperature and may be applied with 
either a swab or by immersing the surface in the 
solution. This etching Is not particularly criti¬ 
cal but c^re should be taken not to unduly extend 
the etching since then a high polish is produced 
■which may impair the performance of the alloy. 

We have also found that other types of etches 
may be used effectively on the germanium alloys 
of our Invention in addition to the etching above 
described. Modified etching solutions and pro¬ 
cedures are as follows: 

A solution consisting approximately of l gram 
stannyl chloride in 50 cc. of HaO may be used as 
an electrolytic bath for etching the alloy sur- 
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faces. Immersing the alloy as the anode In this 
solution will result In satisfactory etching within 
about IV 2 minutes at about 2 & volts applied. 

An alternative modification of an electrolytic 
etching solution may comprise 5 parts concen¬ 
trated HNO 3 and 50 parts HaO by volume. Using 
the alloy as the anode for about 1*4 minutes at 
1 to 2 volts will result in a satisfactory etch. 

Reference may now be had to Figure 2 of the 
drawings illustrating the effect of etching of one 
of the alloys of our Invention. The alloy selected 
to Illustrate the effect of etching Is identified as 
melt 24 P-OU136.25Sn. This melt as appears 
from the aforesaid designation constitutes .25 
atomic percent tin. The curve Identified by ref¬ 
erence numeral I Illustrates the electrical char¬ 
acteristic of the germanium-tin alloy above 
identified In which the surface was ground with 
600 AI 2 O 3 but not etched. The curve Indicated 
by the reference numeral 2 illustrates the electri¬ 
cal characteristics which were obtained on a 
freshly broken surface of an alloy of the above 
composition but which surface has not been 
etched. Curve member 2 illustrates the electrical 
characteristic of a surface ground with 600 AI 2 O 3 
and then etched in accordance with the manner 
first described. 

The curve indicated by the reference numeral 
4 illustrates electrical characteristics of another 
point on the alloy after etching as described In 
connection with curve 3, the curves 3 and 4 rep¬ 
resenting t^e best and poorest performances, re¬ 
spectively. of the particular germanium tin alloy 
above identified, after etching. It is-to be observed 
that in this graph the voltage scale in the for¬ 
ward direction is there expanded by a factor of 
10 as compared to the voltage scale indicating 
the high back voltage characteristics of the alloys 
of our invention. As Indicated, the currents are 
given in milliamperes. 

It will be observed from an examination of Fig¬ 
ure 2 that the electrical characteristics of a rec¬ 
tifier using a broken surface exhibit high back 
voltages and forward conductances within the 
range of values obtained when using a ground 
and etched surface. However, such broken sur¬ 
faces are shiny and geometrically irregular so 
that the whisker tends to skid which is undesir¬ 
able in assembling permanent rectifier units. 
From Figure 2 it is apparent that the high back 
voltage and high back resistance properties are 
inherent in the alloys and that the etching is ef¬ 
fective for restoring such properties after grind¬ 
ing. Further, we have discovered that natural 
surfaces formed when solidifying the alloys in 
vacuum will, if not contaminated or otherwise 
affected by grinding, give high back voltages and 
high back resistances when mounted and tested 
in air. 

For certain applications of these rectifiers it is 
desirable that they have back resistances exceed¬ 
ing one megohm at about 5 volts. Using the pro¬ 
cedure described above will occasionally produce 
such high back resistances. However, we have 
found that a substantial and permanent increase 
in the back resistance can be effected by applying 
power overloads across the contact, for short in¬ 
tervals of time, each of length about Y* to 1 sec¬ 
ond or longer. The power treatment can be ef¬ 
fected with the use of either alternating or di- 
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treatment in the forward direction such optimum 
current values range from about 200 to 800 milli¬ 
amperes. For alternating power treatment the 
optimum values of forward peak current range 
5 from about 300 milliamperes to 1000 milliamperes. 
One can apply such alternating current treatment 
simply by connecting the rectifier in series with 
a current limiting resistance and the secondary 
of a transformer. Depending upon the size of 
10 this current limiting resistance, values of 10 to 
40 ohms have been used, voltage pulses ranging 
from 7 to 60 volts across the rectifier and resist¬ 
ance serve to yield the maximum increase in back 
resistance. 

15 Table in shows the permanent effects of such 
power treatment upon a few typical rectifiers us¬ 
ing alloys of our invention and prepared as de¬ 
scribed. It will be seen from the table that the 
most significant effect of the power treatment is 
20 the increase in the back resistance as measured 
at about 4.5 volts. This resistance is increased by 
factors ranging from about 10 to 50 times the val¬ 
ues measured before treatment. Relatively minor 
increases of 10 to 20 percent are effected on the 
25 peak back voltage. Forward currents at one volt 
are in general decreased by amounts ranging from 
10 to 50 percent. 

TABLE HI 

SO Effects of power treatment 

[Values before power treatment are followed In brackets by values 
after power treatment] 


Alloy used in Rectifier 

Peak Back 
Voltage, 
volts 

Forward Cur¬ 
rent at 
one volt, 
milliamperes 

Back Resist¬ 
ance at 

4.6 volts, 
megohms 

24L-.50Sn..__. 

75 (105) 

9 

(4.5) 

.02 (3) 

24L-.50Sn. 

100 (140) 

11 

(6.5) 

.30 (4) 

24P-.25Sn.. 

95 (115) 

13 

(7) 

.25 (2.5) 

22W.-l.0Sn.. 

80 (95) 

B 

(6) 

■ 15 (8) 

22W«-1.0Sn.... 

100 (120) 

8 

(8) 

.05 (.8) 

24Q-.40Sn_. 

90 (115) 

24 

00) 

.04 (7.5) 

24Q-.40Sn... 

90 (110) 

20 

(17) 

.48 (15) 

24Q-40Sn_. 

150 (175) 

40 

(10) 

-20 (4) 

27A-N»_.. 

90 (95) 

10 

(8) 

• 20 (1) 

27A-N’i . 

100 (120) 

15 (10.5) 

.13 (2) 

27A-Ni.... 

80 (105) 

18 

(10) 

.10 (4) 

27B-N,_ 

130 (150) 

4 

(4) 

• 40 (2) 

27B-NV-. 

95 (115) 

10 

(6) 

.20 (3) 

27E-N,. 

95 (105) 

10 

(6.4) 

.40 (7 5) 

27E-Nj. 

110 (120) 

15 

(10) 

.20 (3) 

28D-Nj. 

90 (95) 

14 

(8) 

.38 (2.5) 

»r-N t . 

40 (45) 

30 

(16) 

-81 (3.9) 

29U-N,___ 

80 (95) 

16 

(10) 

1.0 a 5) 

1 


50 - 

It has been demonstrated above that the high 
back voltage, high back resistance, and good for¬ 
ward conductance properties disclosed are inher¬ 
ent in the germanium alloys of our invention. 
55 Modifications of surface treatments or power 
treatments as described above will, howeyer, vary 
the magnitude of these properties within certain 
general limits. For example, on a given alloy 
surface, variations In surface treatment and 
50 power treatment may be expected to vary the 
average peak back voltage by a factor of about 
2 . the average forward current by a factor of 
about 2 , and the average back resistance by fac¬ 
tors up to 50. It will be noted that the back re- 
55 sistance is the property most sensitive to varia¬ 
tions in treatment, particularly to power treat¬ 
ment. 

The following Table IV summarizes, on the 
basis of all melts made in experimental work con- 
70 ducted under our invention, the approximate flg- 


rect current. By gradually increasing the voltage ures of the minimum, average, and maximum 


applied, and hence the current passed by the con- values of peak back voltage and forward current 

tact during successive pulses, an optimum value at one volt which might be expected on the ger- 
can be found to produce the maximum back re- manium alloys consisting of the addition of a 
sistance for a given contact. For direct current 75 single element. 
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TABLE IV 


Alloy 

Peak Bade Voltage, 
volt* 

Forward Current at 
One Volt, mllllam- 
pares 


Min. 

Are. 

Max. 

Min. 

An. 

Max. 


25 

75 

150 

2 

15 

30 

On-V,_ 

20 

80 

ISO 

7 

10 

25 

Ge-C*_ 

25 

75 

150 

5 

15 

25 

OfrSr _ 

25 

75 

150 

5 

10 

25 

Ge-Nl. „ _ 

70 

50 

00 

7 

15 

30 

O—-7.n 

25 

50 

100 

6 

12 

20 

Ge-Pb 

25 

70 

135 

1 

15 

25 

n*-Pd 

30 

65 

110 

5 

15 

25 

Oe-Mir _ 

10 

50 

100 

2 

10 

20 

n^f! 

20 

50 

106 

6 

12 

15 

Go-Ba _ 

16 

SO 

125 

7 

13 

20 

G*-B1_ 

16 

40 

100 

10 

15 

30 

Oe-Az_ 

25 

40 

80 

7 

10 

20 

Oe-T(...„_ 

10 

30 

70 

3 

7 

15 

OfcCn 

70 

30 

35 

10 

15 

20 

(mv-Ti 

70 

40 

70 

3 

15 

30 

Oa-Cn 

16 

40 

75 

1 

5 

40 

OfcTh 

15 

25 

40 

5 

IS 

40 

rwv 

10 

25 

65 

10 

25 

40 

<-u,rr 

20 

25 

50 

2 

5 

20 

fl«Cr. 

6 

15 

25 

5 

15 

25 







5 


10 


15 


20 


It will appear from the above table that the M 
ranges of values for the better alloys appear to be 
quite similar. Differences enter in the manner 
in which the values, within the ranges indicated, 
are concentrated. For example, the nitrogen al¬ 
loys can usually be expected to have 70 to 90 per- 3Q 
cent of back peak voltages over 60 volts. Values 
on tin melts are more uniformly spread within the 
range of the limits given above. For the tin melts 
approximately 50% of the points on the surfaces 
thereof will have voltages above 60 volts. It ap- 35 
pears that the pure germanium alloyed with tin 
or melted in an atmosphere of nitrogen repre¬ 
sents the most advantageous alloy. Following 
them, alloys of pure germanium with calcium, 
strontium or nickel appear to be in order. It is 40 
to be understood, however, that one skilled lh 
the art working within the range of the alloys 
herein disclosed will readily be able to produce al¬ 
loys having high back voltage and resistance 
characteristics and good forward conductances. 

In Figure 3 of the drawings we have shown one 4o 
type of rectifier in which our invention may be 
embodied. In the form of the device there shown 
a wafer 5 which may be of any of the germanium 
alloys above disclosed Is mounted to have a low 
resistance non-rectifying contact with a metal 
electrode member 8. An electrode or whisker 7 is 
connected at one end to an electrode supporting 
member 8 with the end of the whisker in contact 
with the surface of the germanium alloy wafer 5. « 
The standard 9 provides for mounting of the 
members supporting the wafer 5 and electrode or 
whisker 7 in Insulated relation. The rectifier 
contemplated by our invention may be of various 
forms, the only critical constructional feature go 
being that the germanium alloy wafer comprising 
the semi-conductor, and the whisker for con¬ 
tacting the surface of the wafer being arranged 
and supported so that one end of the whisker en¬ 
gages the semi-conductor surface. It is under- 65 
stood that suitable leads are connected to the 
wafer or semi-conductor and to the whisker or 
metal electrode so that the device may have ap¬ 
plication in any desired circuit for use in the 
rectification of current. 70 

While we have disclosed what we consider to be 
the preferred embodiments of- our invention, it 
will be understood that various modifications may 
be made therein without departing from the spirit 
and scope of our invention. 75 


We claim: 

1. An electrical device comprising a semi-con¬ 
ductor, a counter electrode having substantially 
point contact with said semi-conductor and a 
second electrode having an area of contact with 
said semi-conductor which is large compared to 
that of the counter electrode, said semi-conduc¬ 
tor consisting of germanium of the order of 99% 
purity in combination with at least one of the 
elements from the class consisting of lead. tin. 
and titanium, and said device having a peak back 
voltage in the range in excess of 10 volts and ap¬ 
proaching the order of 200 volts. 

2. An electrical device comprising an alloy 
formed of a mixture of germanium having a pur¬ 
ity of the order of 99% and tin in an amount of 
the order of .05 atomic percent, and a pair of 
electrode elements in contact with said formed 
alloy, one of said electrode elements having sub¬ 
stantially point contact with the said semi-con¬ 
ductor and the second of said electrodes having 
an area of contact which Is large compared to 
that of the point contact electrode. 

3. The method of malting an electrical device 
which comprises mixing germanium having a 
purity of the order of 99% with at least one of 
the elements from the class consisting of lead, 
tin. and titanium, applying heat to the mixture 
to reduce the mixture to a fluid state, maintain¬ 
ing the heat for a time period sufficiently long to 
permit mixing of the selected constituents, remov¬ 
ing the heat to permit solidification of the mix¬ 
ture, cutting from the ingot formed upon mass 
solidification wafers to which contact electrodes 
may be applied, and then applying said contact 
electrodes to said wafers. 

4. The method claimed in claim 3 comprising 
the additional steps of grinding the severed wafer 
and then etching the ground surface to provide 
optimum contact points for contacting electrode 
members. 

5. The method claimed in claim 3 comprising 
in addition the step of etching a surface of the 
semi-conductor wafer which Is cut from the ingot. 

6. The method of claim 3 comprising the addi¬ 
tional step of etching a surface of the semi-con¬ 
ductor wafer cut from the ingot in a solution in 
approximately the portions of 4 parts by volume 
of hydrofluoric acid (48% reagent), 4 parts by 
volume distilled water, 2 parts by volume concen¬ 
trated nitric acid and 200 milligrams CuCNOsJa 
to each 10 c. c. of solution for a time period in 
the general range between 1 and 2 minutes. 

7. The method claimed in claim 3 comprising, 
in addition, securing one of said contact elec¬ 
trodes to one surface of the cut wafer, locating a 
second substantially point contact electrode 
upon a different surface of the cut wafer and in 
substantially point contact therewith, and then 
applying electric power between the electrodes 
and the semi-conductor. 

8. The method of claim 3 including electro- 
lytically etching the semi-conductor as an anode 
in a solution in the proportions of approximately 
1 gram stannyl chloride to 50 c. c. of HaO for 
about IV 2 minutes at about 2% volts. 

9. The method of claim 3 including electro- 
lytically etching the semi-conductor as an anode 
in a solution in the proportions of approximately 
5 parts concentrated HNCb to 50 parts HaO by 
volume for about 1% minutes at about 1 to 2 
volts. 

10. The method claimed in claim 7 compris¬ 
ing. in addition, regulating the supplied current 
to the forward direction through the cut wafer 
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mod limiting the current value to the range be- 
tween 200 and 800 mllllam peres applied In pulses 
of between Vi to 1 second In length. 

11. The method set forth In claim 10 compris¬ 
ing, In addition, the steps of connecting the 0 
formed electrical device In series with a current 
limiting resistance and a secondary of a trans¬ 
former of alternating electric currents control¬ 
ling the peak current In the forward direction to 
the order of between 300 and 1000 mllllamperes 10 
so that the voltage across the device and limiting 
resistance Is of the order of between 7 and 60 
volts and the limiting resistance Is of the order 

of 10 to 40 ohms and regulating the period of ap- _ 
plication of the alternating current to Intervals la 
varying between Vi and 1 second In time dura¬ 
tion. 

12. An electrical device comprising a semi-con¬ 
ductor. a counter electrode having substantially 
point contact with said semi-conductor and a 2 
second electrode having an area of contact with 
said semi-conductor which Is large compared to 
that of the counter electrode, said semi-conduc¬ 
tor consisting of germanium of the order of 99% 25 
purity In combination with at least one of the 
elements from the group consisting of lead, tin, 
and titanium, to produce a device having a peak 
back voltage In the range In excess of 10 volts 
and approaching the order of 200 volts, the back 30 
resistance of said formed device being of the 
order of between 10,000 ohms to several megohms 

at about 5 volts and the forward current being 
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REPLY BRIEF FOR APPELLANT. 


Appellee’s brief nowhere denies that Benzer actually 
contributed to the art a new high back voltage germanium 
crystal rectifier of very great practical and scientific value. 
The evidence adduced at the trial, we respectfully submit, 
established that contribution beyond the reach of denial. 

It appears that Appellee’s challenge of the inventive 
character of the Benzer contribution and the sufficiency of 
his application is made mainly on the basis of and in the 
light of subsequent developments, particularly Lark- 
Horovitz and Whaley patent No. 2,514,879, and not on the 
state of the art as it existed at the time of the invention. 
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In tlie light of subsequent investigation and subsequent 
improvements, Benzer’s procedure for making his crystal 
rectifier may now seem crude and unscientific. Most pioneer 
inventions are. But the record establishes that Benzer ac¬ 
complished certain things without the benefit of the sub¬ 
sequent improvers and before they had anything to con¬ 
tribute to the art. 

(1) Benzer’s rectifier was the first of its kind. It se¬ 
cured a new result. 

(2) It could be readily duplicated, and he gave in his 
specification practical, understandable instructions which 
enabled others to do so. 

(3) Others did produce this new kind of rectifier fol¬ 
lowing exactly the directions given in the Benzer specifi¬ 
cation. 

Any invention of importance, when viewed in retrospect, 
can be criticized as inadequate and incomplete in propor¬ 
tion to the new field which it opened up. The more im¬ 
portant the field he opens up, the more insignificant does 
his first crude contraption appear to those who come after 
him. 

Columbus’ discoveries barely touched upon Continental 
America. Anvone after Columbus’ discoverv could 
criticize his achievement as inadequate and incomplete. 
But he opened the door to a new world. The value 
of a new discovery in the scientific and practical fields is 
not so much in the size of the door which is opened as in 
the room which is revealed for exploitation. 

Benzer Discovered, Others Explored. 

Appellee, on pages 6 to 10 of his brief, develops the 
thesis that Lark-Horovitz and Whaley, patent No. 2,514,879, 
exhibits a standard of disclosure to which Benzer must 
conform. That proposition is unsound. 
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These two disclosures occupy different positions in the 
art, and are directed to different characters of invention. 
Benzer is the pioneer. He came first. He made the dis¬ 
covery that when germanium with its naturally occurring 
impurities is brought to a purity in the narrow range of 
between 99% and 100%, it exhibits w’holly new properties 
which make it valuable for a crystal rectifier. He had, and 
taught, a practical rule of thumb way of making rectifiers 
which the evidence shows got results, and enabled others 
to get the same result. 

Lark-Horovitz and Whaley on the other hand were im¬ 
provers and perfecters. They came after Benzer. The 
way had been opened up for them. They investigated the 
effects of individual impurities in that range of overall 
impurity of between 99% and 100% which Benzer had 
taught. Theirs was a detailed type of invention which 
called for a detailed type of disclosure. Benzer made the 
broad invention, and could paint the same in broad strokes. 
Lark-Horovitz and Whaley followed up wfith an endless 
number of experiments and their disclosure had to be 
written in terms of stacks of figures and columns of fine 
print. 

Each situation calls for its own appropriate type of dis¬ 
closure. 

Were it not for Benzer’s original discovery those later 
investigators might still be satisfied with things as they 
were before Benzer opened the door. The Benzer inven¬ 
tion was a long time in coming. Benzer opened the door 
into a new and unoccupied field of science and invention. 
He did not just “hit upon the outside of the cavern”. He 
opened the cavern. He gave the world not only the fact 
of his discovery, but a practical device based on that dis¬ 
covery with ample directions how to duplicate it. True, 
it w^as a rule of thumb, but it was enough. Others could 
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and did follow it. The testimony of Dr. Whaley (Jt. Ap., 
pp. 53A to 54A) is evidence that the teaching of the 
Benzer specification was and is sufficient to enable manu¬ 
facturers of electronic devices to produce the Benzer 
crystal rectifier in precisely the manner set forth in the 
Benzer specification. There is nothing in the way of evi¬ 
dence in the case to support Appellee’s preconceived idea 
that the Benzer specification is not sufficient to teach those 
skilled in the art to make and use the same. The testi¬ 
mony of Dr. Whaley, above referred to, is the only posi¬ 
tive evidence in the case, and it is uncontradicted fact testi¬ 
mony that manufacturers are producing the high back volt¬ 
age Benzer rectifier by following precisely the route set 
forth in the Benzer specification. 

Appellee appears to be preoccupied with the idea that 
Benzer must disclose that which was later discovered and 
disclosed in the Lark-Horovitz and Whaley patent No. 
2,514,879, but this latter patent represents a subsequent 
improvement and not an anticipation of the Benzer inven¬ 
tion. 

In paragraph 1 of his summary of argument, appearing 
on page 7, Appellee says that: ‘ ‘ Benzer’s electrical device 
must contain certain impurities.” We challenge that state¬ 
ment. There is nothing in the evidence, and nothing in the 
Benzer specification which says that the device must con¬ 
tain “certain impurities”. The Benzer discovery was that 
germanium, in the narrow range of between 99% and 100% 
purity, had certain remarkable properties. 

It is true that Benzer stated that not all impurities will 
function, but he gave a practical operative test which was 
to probe the surface of the ingot with a probe connected to 
direct current, and then from those parts of the ingot hav¬ 
ing the desired characteristics, he eould cut as many pieces 
of crystal as he needed. (Jt. Ap., p. 106A, first para- 



graph—Dr. Whaley, p. 57A.) This test is performed be¬ 
fore any rectifier is assembled. 

Such a practical test is not too much to ask of those 
skilled in the art. There is no difficulty about it, and it 
gets the results. Such a preliminary test does not require 
the exercise of ingenuity or inventive quality. It does not 
pose a mystery or a puzzle to be solved. It is a straight 
manipulative test which any workman can perform. In 
all manufacturing operations, inspection of the component 
parts of a product is necessary to attain the desired end. 
For example, in making castings in a foundry, it is not 
at all unusual for some of the castings to have blow holes 
or defects in filling the mold. Foundrymen know that one 
way to test a casting for soundness it to hit it with a 
hammer and listen to the sound. If it does not respond 
to the hammer test, it is thrown aside. As the Supreme 
Court said in Minerals Separation Ltd . v. Hyde, 242 U. S. 
261, at 270: 

“Equally untenable is the claim that the patent is 
invalid for the reasons that the evidence shows that 
when different ores are treated, preliminary tests must 
be made to determine the amount of oil and the extent 
of agitation necessary in order to obtain the best 
results. Such variation of treatment must be within 
the scope of the claims, and the certainty which the 
law requires in patents is not greater than is reason¬ 
able, having regard to their subject-matter.” 

Even the work of Lark-Horovitz and Whaley does not 
establish that their version of Benzer’s device must con¬ 
tain “certain impurities”. A wide range of impurities is 
possible, and as is obvious from inspection of their patent, 
the Lark-Horovitz and Whaley investigation did not cover 
all conceivable impurities or combinations of impurities, 
nor did it in anywise challenge the operativeness of the 
Benzer disclosure. Benzer’s discovery involved the utili- 
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zation of germanium containing minute amounts of the 
naturally occurring impurities. Lark-Horovitz and 
Whaley merely removed those naturally occurring im¬ 
purities and substituted for them individual impurities 
which could be controlled and which gave more uniform 
results, but in no manner did this deny Benzer the right 
and title of inventor. Benzer more or less backed into the 
invention. He started with impure metal carried toward 
purity within a certain narrow range. Lark-Horovitz 
and Whaley approached it from the standpoint of starting 
with fully purified metal and putting impurities into it. 
But that does not detract from Benzer’s pioneer status as 
first inventor. 

Appellee viewing this matter entirely in the light of 
subsequent events, criticizes, on page 10 of its brief, the 
use of the word “impurities”. There is no doubt that 
with Benzer it was impurities. With subsequent workers 
who extracted the original impurities and re-introduced 
certain individual impurities, a new nomenclature might be 
adopted; but if some subsequent worker in the art adopts 
a different nomenclature, he cannot thereby deprive Benzer 
of the rank and title of inventor. 

For a true understanding of the state of the art at the 
time of the Benzer invention, we must disregard the Lark- 
Horovitz and Whaley investigation and patent. Their work 
came after—not before—Benzer’s work. Dr. Whalev, one 
of the patentees, so stated, both on cross-examination (Jt. 
Ap. 69A) and on redirect examination (Jt. Ap. 77A). Ap¬ 
pellee’s arguments, on pages 3, 4 and 5 of his brief, rest 
on the assumption that because Lark-Horovitz and "Whaley, 
subsequent to Benzer, explored the field of impurities 
scientifically and found improvement to reside in selected 
impurities, therefore Benzer did not teach enough to be 
entitled to the rank of inventor. What Appellee is saying 



7 


is that Benzer cannot be regarded as an inventor because 
he did not explore the full possibilities of the field which 
his invention opened up. But neither law nor common 
sense sustains that view. The significance of Columbus * 
discoveries was not so much in the amount of territory 
which he gained for the King and Queen of Spain, although 
that itself was not inconsiderable. The significance of his 
discovery lay in breaking the spell of ignorance and mental 
inertia which had blocked the spirit of mankind and pre¬ 
vented progress. Others rushed in and explored the full 
extent of the new field w’liich he had opened up. But the 
rank and title of discoverer of the New World belonged to 
Columbus. He collected on his bargain with his govern¬ 
ment. So also should Benzer be able to do. 

Benzer broke the spell of ignorance and mental inertia 
as to an entirely new mode of current conduction through 
a solid crystal semi-conductor and he provided a new kind 
of crystal rectifier. 

Appellee would deny Benzer a patent for what he dis¬ 
covered because he did not discover more. 

1. Re the Disclosure of Benzer. 

At the bottom of page 7, appellee repeats the fallacy 
that “for a germanium crystal so to serve it must include 
certain impurities”. There is no authority for that state¬ 
ment in the specification or in the evidence. It is a non 
sequitur to say that since not all impurities will do, “cer¬ 
tain impurities” must be included. The statement in the 
Benzer specification that not all impurities will do, means 
only that if certain impurities should be used alone, or 
should occur in overwhelming proportions of the natural 
impurities, the Benzer result would not be attainable. 
But Benzer has given the practical answer to that in 
directing that the ingot whether procured as such or pro¬ 
duced by reducing the oxide, be probed to locate a part 
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that has the right qualities, before use. The refinement of 
method represented by Lark-Horovitz and AVhaley, in de¬ 
termining the exact effect of each individual impurity alone, 
was knowledge which was not essential to attainment of 
the Benzer result and production of the Benzer device. It 
is useful information when it comes to quantity manufac¬ 
ture, but lack of it does not render the Benzer teaching 
insufficient or inoperative. 

If it were a situation in which lack of the information 
first supplied by Lark-Horovitz and Whaley in their patent 
were necessary to the ability of those skilled in the art to 
construct a device according to the Benzer invention, or if 
the Benzer method of producing the device involves such a 
puzzle as required inventive ingenuity to cross the gap 
between the teachings of the applicant and the attainment 
of the result, there would be some ground for complaint. 
But here the evidence is to the contrary. The evidence 
shows that not only can anybody skilled in the art produce 
the Benzer device by following the Benzer application, but 
that people are actually doing so commercially. 

Appellee can cite no fact in the evidence to support its 
position, and admits, on page 9, that the laic cases which it 
cites are 4 ‘not of major importance” in the present ques¬ 
tion. On page 9, appellee criticizes the prosecution of the 
application before the Patent Office. The simplicity of the 
device and the incomprehensibilty of its performance 
under any known theory obscured the invention. Small 
wonder the prosecution presented difficulties. 

2. As to Alleged Functionality of the Claims. 

We have a sharp issue on the question of whether the 
claims are fatally functional. Appellee says that the limi¬ 
tation in the claims as to the current-voltage characteristic 
describes the functions of the device. Let us consider, for 
example, the limitation in claim 23,— 


# # and a metallic conductor in electrical con¬ 
ductive contact with a point on a surface of said body, 
said point being selected to provide the property that 
when a voltage is applied across said device, the cur¬ 
rent voltage characteristic in the back or high resis¬ 
tance direction exhibits a voltage peak of at least five 
volts beyond which peak an incremental increase in 
current is accompanied by an incremental decrease in 
voltage drop across the device.” 

This, says the Appellee, describes the function of the de¬ 
vice. But the testimony of an expert in the field, Dr. 
Whaley, states (Jt. Ap. p. G6) that this is an electrical 
characteristic or property of the point contact with the 
body of germanium which is initially determined by apply¬ 
ing D. C. voltage with a point or probe in series with a 
galvanometer to the surface of the ingot to determine the 
above recited physical property as determined by electrical 
measurement. 

Claim 19, which is dependent upon claim 23, and there¬ 
fore contains the above quoted limitation of claim 23, con¬ 
tains further the limitation that— 

“* * # the resistance in the forward or low re¬ 
sistance direction is of the order of between 20 and 
200 ohms.” 

That is a description of a physical property measured in 
. terms of ohms, i. e., units of resistance to current flow. It 
is a definition of a property completely free of any func¬ 
tionality. 

Appellee’s Analysis of the Claims Is Erroneous. 

Appellee, on pp. 4 and 5, states that there are two cate¬ 
gories of electrical limitation in the claims in suit which 
it designates as showings (1) and (2), and alleges that they 
are the only vital ones. This is erroneous in several 
respects. 
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On page 5, Appellee charges us with having said, on page 
44 of Appellant’s brief, that the chemical limitation as to 
purity is not vital. This is a misrepresentation. We said 
that that limitation alone was not regarded as enough to 
carry the claims. But without it, the Benzer invention 
would not be present. Hence it is vital. 

All the claims call for the vital limitation to the narrow 
range of purity of the germanium of “at least of the order 
of 99% ” (in claim 21) or “in excess of 9’9%” (in all the 
other claims). This is a chemical requirement of the body of 
germanium. Then the claims, in addition to having the 
aforesaid chemical limitation, all have limitations to the 
electrical characteristics of a point contact on the body 
of germanium. 

Appellee states in the penultimate paragraph on page 4 
that claim 16 “contains limitations in both showings (1) 
and (2) above” and is representative of similar claims 
19-21 and 22. That is not correct. Claim 16 does contain 
electrical limitations of the two types which Appellee has 
recited, but 19-21 and 22 do not. 

Then Appellee states that—“Illustrative claim 23 and 
similar claims 18 and 24 contain limitations expressing, 
solely, showing (1).” That is not correct. Claims 23, 18 
and 24 do not contain the limitations of “showing (1)”; 
they all contain the limitation of “showing (2)” relating 
to the negative resistance characteristic. 

Now there is a third type of electrical limitation con¬ 
tained in claims 19 and 22 (Jt. Ap. 5A) which limitation 
requires that the resistance of the point contact to cur¬ 
rent flow in the forward direction “is of the order of be¬ 
tween 20 and 200 ohms.” 

The claims are far more definitely limited than Appellee 
represents them to be. 'Phis is obvious on inspection. 
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The Claims Are Properly Limited to the Invention. 

Appellee’s brief, page 10, says: 

“Benzer’s claims are such as would monopolize all 
impure germanium crystals that would serve.” 

That is not true. They do not, for example, cover the ger¬ 
manium rectifier of the Merritt disclosure. Merritt in 
nowise approached fulfillment of the specific claim limi¬ 
tations above quoted. 

Further, it is to be noted that each of the claims calls 
for the body of germanium to have a purity in excess of 
99%. Now it is not at all out of the range of possibility 
that someone may discover that with an impurity which 
has not yet been tried, germanium of a purity as low as 
50% “would serve”. For example, what is to keep someone 
from alloying a germanium crystal with a silicon crystal 
or a galena crystal, each of which is a rectifying body in 
its own right? But all those possibilities are excluded by 
the actual limitations of the claims as they stand. 

This Appeal Is Based on a Trial De Novo. 

The present suit is a Civil Action under R. S. 4915 
against the Commissioner of Patents to obtain a patent. 
It is not an appeal from the Patent Office, but a proceed¬ 
ings de novo. The statute R. S. 4915 provides that the suit 
be brought against the Commissioner of Patents, i. e., he 
is a party defendant. 

Now to say, as Appellee does on page 18, penultimate 
paragraph, that the decision of the District Court in favor 
of the Commissioner makes “three concurring decisions” 
is incorrect, and contains implications entirely unfair to 
Appellant. The Commissioner is a party litigant. If the 
trial Court agrees with the views of a litigant, is appellant 
then confronted in the Court of Appeals with “three con- 
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curring decisions” against him? If that were the case, 
then the trial de novo would be meaningless. Testimony 
given before the District Court would lose all significance. 

The Examiner and the Board in the Patent Office gave 
their opinion before the evidence was in before the trial 
Court. To count them in as concurring, under those cir¬ 
cumstances, is incorrect, and carries an inference that is 
misleading. 

The Court Erred in Its Application 
of the Law on Functionality. 

On the question of what constitutes functionality of a 
claim, the law applied by the District Court, as revealed 
in its opinion, is clear error. The District Court, in this 
case (see Jt. Ap. p. 90A), was relying upon the doctrine 
of the case of Ainsworth v. Gill Glass & Fixture Company, 
26 F. S. 186, the gist of which the Court stated as: 

“The law is well settled that functional features 
may always be freely copied by competitors.” 

In that case plaintiff had brought suit for patent infringe¬ 
ment and for unfair competition because the defendant 
copied the plaintiff’s device. The Court held that there 
was no infringement of the patent, and since the structure 
was not covered by patent, and being a utilitarian device, 
copying it did not constitute unfair competition. 

A holding that the Appellant’s claims here in suit are 
functional on the basis of that law is untenable, and is 
clear error. 
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The Law Cited By Appellee Does Not 
Apply to the Facts of the Present Case. 

The Appellee on page 13 of its brief urged and the Court 
below in its opinion (Jt. Ap. p. 89A) relied upon the 
doctrine of Pick, et al. v. Coe, 69 App. D. C. 216, 99 F. (2d) 
985, as a precedent controlling this case. In that case, the 
present Court held that a claim for a valve made of “lamin¬ 
ated synthetic plastic composition” or of “a hard organic 
electrically non-conductive material providing a low coeffi¬ 
cient of friction” was not patentable. There is not a word 
about the functionality of a claim in the decision. The 
claims were rejected simply on the fact that the material 
which the applicant’s specification disclosed had been used 
in an analogous valve, and the claimed invention was but 
“an obvious adaptation”. 

The case of Holland Furniture Company v. Perkin,$ Glue 
Company, 277 U. S. 245, cited in Appellee’s brief, page 13, 
related to the Perkins patent in which the claims to a glue 
made of starch was distinguished by the limitation that it 
was “as good as animal glue” or “having the properties 
of animal glue”. Obviously, on inspection, there is noth¬ 
ing of that character in the claims here in suit. There is 
in fact nothing which compares with the performance of 
the Benzer rectifier. It is unique. 

In the case of General Electric v. Wabash Appliance , 304 
U. S. 364, cited on page 14 of the Appellee’s brief, the Su¬ 
preme Court pointed out that the claims used “indetermin¬ 
ate adjectives” which describe the function of the grains 
to the exclusion of any structural definition. The claim 
called for the filament to have “comparatively large grains 
of such size and contour as to prevent substantial sagging 
and offsetting during a normal or commercial useful life 
# # •” obviously, if Benzer were claiming a rectifier 
in which the point contact on the crystal were such that it 
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would not burn out during a normal or commercially use¬ 
ful application of voltages—-which is a genuine advantage 
of the applicant’s device—there would be some basis for 
comparison. But the facts are entirely different. The case 
does not fit our facts. 

In the case of Dalin v. Watson, 204 F. (2d) 730, this 
Court held the claims there in suit in a 4915 Action to be 
lacking in invention over two prior art patents. The Court 
concluded its opinion with the statement, “combining the 
teachings of these two patents would not constitute inven¬ 
tion”. That case does not apply to the present issue of 
functionality. In the case of United Carbon Co. v. Binney 
Co., 317 U. S. 228, the Supreme Court, in concluding its 
opinion on page 237, said: 

“We are of the opinion that the claims in litigation 
are bad for indefiniteness, and have no occasion to 
consider questions of novelty, invention and infringe¬ 
ment.” 

That case does not settle the question at bar. 

The decision In re Lloyd, 36 CCPA 817, cited on p. 15 
of Appellee’s brief, is an insignificant holding that the 
claims of an application for patent on a heat insulating 
material were properly rejected by the Primary Examiner 
and the Board of Appeals of the Patent Office for want of 
invention in view of two prior art patents. There is no 
principle involved in that case applying to the present 
problem. 

Cases Relating to Patents on Rectifiers 
Support Appellant’s Position. 

The two decisions cited in our main brief, page 28, re¬ 
lating to the art of rectifiers, namely, Raytheon Manufac¬ 
turing Company v. Coe , 96 Fed. (2d) 527, 37 U. S. P. Q. 
112, 68 App. D. C. 255, decided by this Court, and the case 
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of Union Switch & Signal Co. v. Kodcl Electric & Man¬ 
ufacturing Co., 55 Fed. (2d) 173, decided by the 6th 
C. C. A., involve questions of law and facts like those 
which are here involved in this application and the Courts 
in each case sustained claims of the character here in¬ 
volved against the defense that they -were functional. Elec¬ 
tric rectifiers are uniquely simple structures. 

On page 16 of its brief, Appellee attempts to escape the 
effect of the holding in the Raytheon case by invoking the 
1952 statute which was not in effect when the case was de¬ 
cided. Appellee says that the claims in the Raytheon case 
included “means”. These claims are quoted at the bot¬ 
tom of page 45 of Appellant’s main brief. 

The claims here under appeal also contain means, to wit, 
the body of germanium, the electrical terminal, and the 
electrical conductor contacting a point on the surface of 
the body of germanium. 

In an electrical rectifier, the utility is essentially in the 
unknown and unpredictable one-way opposition which the 
related conducting parts present to current flow. There 
is little room for definition of the structure of a rectifier 
beyond the designation of the two parts and the character¬ 
istics resulting from the cooperation of those two parts. 

In the case of Union Stcitch & Signal Co. v. Kodel Elec¬ 
tric £ Manufacturing Co., the Sixth Circuit Court of Ap¬ 
peals sustained claims 10 to 14, of which claim 12 is quoted 
at the foot of page 46 of our main brief.* 

Appellee tries to mitigate the holding in this case by 
pointing out that some of the claims in suit, to wit, 7 and 

•Appellee’s brief, bottom of page 16, top of 17, calls our attention to 
the fact that claim 16 copied in the footnote of page 46 of our brief, is 
incorrectly included among the claims which were sustained. We note the 
error which was inadvertent on our part, with apologies to the Court, and 
opposing counsel. The claims which were sustained were claims 10 to 14, 
inclusive, and quoted claim 12 is said to be representative of that group, 
whereas, claim 16, which did not include the copper plate or disc, was 
among those held invalid. 
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15 to 20, were not sustained because they did not include 
the limitation to “copper disc or plate”. That criticism 
falls flat because each of the Appellant’s claims here in 
suit calls specifically for a body of germanium. It is ap¬ 
parent that claim 12, which the Court did sustain in that 
case, contained limitations of the same character as the 
limitations of the claims here in suit. 

Applicant’s claims, all of which recite specifically a 
body of germanium in the same way that the Grondahl 
patent called for a copper plate or disc, distinguish from 
the prior art by reciting the characteristics of the junction 
or point contact between the two bodies that constitute 
the rectifier. This case gives strong support to the appli¬ 
cant’s position that the claims here in suit are not objec- 
tionally functional and are patentable. 

The point in Minnesota Mining & Mfg. Co. v. Interna¬ 
tional, 159 Fed. (2d) 554, page 17 of Appellee’s brief, is 
that the claims although they were replete with functional 
statements and very little in the way of structure, were 
sustained against the same charge that is here made. 
(Claim 4 of the patent is quoted on page 556 of 159 Fed. 
(2d).) 

On pages 17 and 18, Appellee calls attention to the fact 
that the Supreme Court in Graver Tank cC Manufacturing 
Co., Inc., et al. v. Linde Air Products Co., 336 U. S. 271, 
held the claims on the process, numbers 1, 3, 4, 7, 8 and 9 
as invalid. But the Supreme Court, in its second decision 
at 339 U. S. 605, amply demonstrated the correctness of 
our proposition that the claims do not need to recite all 
of the limitations of the specification, by its holding that 
the claims to the composition of fluxes calling for alkaline 
earth metals "were infringed by the use of manganese which 
was not an alkaline earth metal, but which was mentioned 
in the specification. 
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3. The Prior Art. 

Appellee’s brief says, page 19— 

“The road signs furnished by the teachings of the 
Merritt article and the Olil patent mark out a route of 
experimentation whereby Benzer’s device would be 
obtained by simple research.” 

The record shows otherwise. The Ohl patent No. 2,402,938, 
Jt. Ap., p. 223A-l, admits column 5, lines 23 to 35, that 
silicon has been used for a crystal detector, and covered 
by patents as early as 190G. Ohl says, line 30: 

“In an article at page 1003 of The Electrical World, 
November 24, 1906, Pickard states that after a trial 
of a large number of elements and compounds pure 
silicon was found very satisfactory as a rectifying 
contact detector.” (Emphasis ours.) 

The point is that if Pickard found and published as early 
as 1906, that “pure silicon” was very satisfactory as a 
rectifying contact detector, and we have Ohl’s acknowledg¬ 
ment of that, why did not Merritt, when he undertook ex¬ 
periments in 1925, follow the “road signs” furnished by 
Pickard? In other words, if the advantage of the use of 
“pure silicon” which the Appellee now says would lead 
any worker skilled in the art to purify the Merritt germa¬ 
nium and thereby arrive at the Benzer result, w r as known 
since 1906, why did not Merritt do it? Merritt, in 1925, 
had the “road signs” that pure silicon would make a very 
satisfactory rectifying contact detector, why did not he 
follow the “road signs” of the advantages of pure silicon 
and purify the germanium which he used? But as the 
Supreme Court said in Diamond Rubber Co. v. Consoli¬ 
dated Tire Co 220 U. S. 428 at 435: 

“Knowledge after the event is always easy, and 
problems once solved present no difficulties, indeed, 
may be represented as never having had any. And 
expert witnesses may be brought forward to show that 
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the new thing which seemed to have eluded the search 
of the world was always ready at hand and easy to be 
seen by a merely skillful attention.” 

As we have pointed out in our main brief, page 38, Mer¬ 
ritt found nothing in the germanium rectifier which would 
make it substantially different from silicon. It had about 
the same rectifying properties as silicon has, and he found 
that it would not stand more than about three volts in the 
reverse direction without burning out, and hence there was 
nothing to arouse his curiosity. 

But there is a further reason whv Merritt, even with 
the road signs pointing towards “pure silicon” in the 
Pickard article, did not do so. That is because Merritt 
drew an entirely erroneous conclusion in regard to the 
fundamental basis of rectification. The conclusion he drew 
as to how rectification is effected is contained in the last 
sentence of his article. 

Jt. Ap. p. 223A-18, reads as follows: 

“The results, therefore, support the view 3 that 
the presence of a high resistance film is an important 
and possibly essential factor in determining the be¬ 
havior of contact rectifiers.” (Emphasis ours.) 

Merritt had been particularly interested in seeing what the 
germanium rectifier would do under temperature changes, 
and he had noted that an oxide film formed when the ma¬ 
terial was heated, and that the formation of an oxide film 
gave him better characteristics when the material was 
again cooled. In his footnote to the above, he says: 

“3. Indications that a film separates the two sur¬ 
faces in a rectifying contact have been found by numer¬ 
ous observers. Perhaps the most direct evidence of 
the importance of such a film is to be found in the 
papers of Goddard & Flowers here referred to; God- 


dard R. H., Physic Rev. 34, p. 423, 1912, and Flowers 
A. E., Ibid . 29, 445, 1909.” 

Thus the road sign which Merritt erected pointed in a 
totally different direction, and had nothing to do with the 
purity of the germanium crystal. When Merritt taught 
that it was the oxide film which brought about rectification, 
it is perfectly obvious that he was not interested in the 
purity of the body of germanium. The presence of an 
oxide coating on the surface of the body which coating he 
conceived to be the desirable feature, led completely away 
from the Benzer invention. The “road signs” are com¬ 
pletely contradictory and lead nowhere. 

There is very strong evidence that the “road signs” 
did not, as a matter of fact, mark out a route of experi¬ 
mentation. The testimonv establishes that a number of 
experimenters, to wit, Sperry Gyroscope Co., General Elec¬ 
tric Company, Western Electric Company and Bell Tele¬ 
phone Laboratories, the General Electric Company of 
England, and the University of Pennsylvania (Jt. Ap. 
pp. 19-20, 37-38) all undertook the investigation of ger¬ 
manium for crystal rectification at the beginning of the 
crystal rectifier program instituted by OSRD, and they all 
found nothing in it, and abandoned it in favor of silicon. 

If the “road signs” were there, why did so many highly 
qualified scientific teams fail to see them? If the Appellee’s 
position is correct that the “road signs” of the prior art 
clearly marked the route to the present invention, then the 
failure of such highly qualified scientists as the record 
shows to have attacked the problem and failed, is inex¬ 
plicable. If the Appellant’s position that the “road 
signs” did not lead anywhere, because Merritt’s conclu¬ 
sion was erroneous, is correct, the failure of these four 
teams of scientists to reach the Benzer invention is quite 
understandable, and is in accordance with human experi- 


The Negative Resistance Characteristic 
Finds No Counterpart in Ohl or Merritt. 

The Benzer crystal rectifier was new in kind. The best 
crystal rectifier before was made of silicon, and would 
stand about 3 volts back voltage. Above that it would 
burn out. Benzer’s rectifier was different. It did not burn 
out even though the voltage was carried up to a peak of 
around 40, as shown in Benzer’s Figure 2. This was 
wholly new. The witness Whaley, interrogated by the 
Court, Jt. Ap. p. 51 A, said: 

“The germanium we purified, to the extent that 
we have indicated and to the extent that the Benzer 
application indicates, provides one with material hav¬ 
ing properties that were not known at all with pure 
silicon, with germanium of the former art, you might 
say that was used before this particular development, 
or so far as galena is concerned, galena not being an 
element but a compound of lead and sulfur, iron py- 
rite and iron sulfide, none of these other crystal recti¬ 
fier materials exhibited the properties that were found 
with purified germanium. In other words, all of these 
others indicated that one would expect from crystal 
rectifiers a certain type of characteristic and this puri¬ 
fied germanium gave an entirely different type of 
characteristic, completely different.” 

This novel ability was recognized in the art. The General 
Electric Company bulletin, quoted on Jt. Ap. p. 38A, 
called particular attention to the ability to self-heal, where 
it had been electrically overloaded. We quote the General 
Electric Company statement as follows: 

“As compared with other semi-conductors used in 
diodes of the so-called ‘Point Contact’ type, germa¬ 
nium possesses two definite advantages: 

“1. The ability to withstand a much higher 
inverse voltage. 

“2. The peculiar ability to ‘self heal’ in cases 
where it has been electrically broken down. 
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“For these reasons, the germanium diode, following 
its commercial announcement, was quickly accepted by 
manufacturers who visualized it as capable of dupli¬ 
cating many of the functions performed by the elec¬ 
tronic tube, and perhaps eventually replacing the older 
types. ’ ’ 

We direct the Court’s attention to the characteristic 
curves of Figure 2 of the Benzer application (Jt. Ap. 
p. 114A-1). Notice on the left side of the vertical center 
line, curves numbered 15, 16, 17 and 18. Those curves 
indicate current flow through the point contact of the 
needle 6 and crystal 5 when back voltage or negative voltage 
is applied to the needle. 

Note particularly the dotted line portion of curve 17. 
It goes out towards the left to a maximum, and then swings 
in towards the right. This means that if the applied back 
voltage be increased on the needle, the crystal will not 
burn out, since it will not further resist the rush of cur¬ 
rent, but will let it pass, and thereby save itself from 
burning out. 

Now this swing of the curve back to the right (see again 
curve 17 on the drawings) after passing the maximum or 
peak—this bending back to the right—is a wholly new 
thing . It appears even more markedly in the curve 16 of 
Figure 2, but it is present, although in less prominent 
form, in all of the curves. 

No crystal rectifier ever exhibited such a trait or char¬ 
acteristic. It is called a negative resistance feature. It 
protects the crystal against burning out. Dr. Whaley 
said, Jt. Ap. pp. 28A and 29A— 

“Furthermore, the negative resistance feature which 
is the self-protecting feature of this rectifier, is repre¬ 
sented by the curve for values of current exceeding 
that at the peak slightly over 40 here, this negative 
resistance characteristic is the down-sweeping char- 
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acteristic. That means if, for example, the current 
is forced through this device exceeding the value of 
current here at the peak, as the current increases 
downward, the voltage drop that is measured across 
the two dissimilar areas, the voltage across that (in¬ 
dicating), is decreased. What that amounts to is say¬ 
ing that the resistance to the flow of current is de¬ 
creasing continuously so that you do not dissipate 
more and more heat, therefore, you do not burn out 
the device, it is self-protecting.” 

The original specification explains this novel and desir¬ 
able feature; see Jt. Ap. p. 100A, last paragraph, and 
the sentence at the end of the first paragraph, Jt. Ap. 
p. 102A. 

This negative resistance characteristic is specifically re¬ 
cited in claims 23 and 24, and in the dependent claims 16, 
18 and 19. The negative resistance feature, and the self- 
protecting character of the Benzer rectifier finds no coun¬ 
terpart in any device in the prior art. Neither Ohl nor 
Merritt contains a suggestion of it. 

We respectfully submit that Benzer duly made, dis¬ 
closed and claimed an invention, and request the Court to 
adjudge that he is entitled to receive a patent for his in¬ 
vention as specified in his claims on appeal. 

Respectfully submitted, 

John A. Dienner, 

53 West Jackson Blvd., 

Chicago 4, Illinois, 

Attorney for Appellant. 

Harold T. Stowell, 

Warner Building, 

Washington 4, D. C. 
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Hniteb states Court of Appeals 

FOR THE DISTRICT OF COLUMBIA CIRCUIT 


APPEAL NO. 11,892 


Purdue Research Foundation, appellant 

v. 

Robert C. Watson, Commissioner of Patents, 

appellee 


APPEAL FROM THE JUDGMENT OF TEE UNITED STATES 
DISTRICT COURT FOR THE DISTRICT OF COLUMBIA 


BRIEF FOR THE COMMISSIONER OF PATENTS 


INTRODUCTION 

This is an appeal by Purdue Research Foundation 
from the judgment (Jt. A 13) of the United States Dis¬ 
trict Court for the District of Columbia dismissing the 
complaint in an action under Section 4915 R. S., 35 
U.S.C. (1946) 63, brought by it and Seymour Benzer, 
who filed in the Patent Office on January 23, 1946, an 
application for patent entitled “Electrical Devices,” 
Serial No. 642,960. Appellant is the assignee of that 
application. 


(i) 
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In said action, appellant sought to have the trial 
court authorize the issuance to it and the applicant of a 
patent containing claims 16,18,19, 21, 22, 23, and 24 of 
application, Serial No. 642,960. 

The Examiner, the Board of Appeals, and the Dis¬ 
trict Court concurred in rejecting the enumerated 
claims, which are all the claims remaining in the ap¬ 
plication, as (1) unpatentable over cited prior art and 
(2) functional. 

THE APPLICATION FOR PATENT ON APPEAL 

As its title betokens, the application of Benzer dis¬ 
closes, and claims, an electrical device. That device, 
having utility as a crystal rectifier (Jt. A 98 et passim) 
comprises (1) a body of germanium, the chemical ele¬ 
ment, a semi-conductor; (2) a metallic conductor plate 
to which one surface of the germanium body is at¬ 
tached; and (3) an electrode, or cat’s whisker, having 
point contact with another surface of the germanium 
body (Jt. A 114-1, Fig. 1; 98; 104). 

The germanium body is referred to in Benzer’s orig¬ 
inal specification (Jt. A 104 et passim) as “substan¬ 
tially pure germanium having minute amounts of ion¬ 
ized impurities.” By the claims (Jt. A 123 to 125) pre¬ 
sented in the initial amendment to the Benzer applica¬ 
tion, and in the remarks (Jt. A 125, final paragraph; 
129, final paragraph) forming part of that amendment, 
the body of germanium is characterized as having a 
purity in excess of 99%. 

Benzer’s original specification and the initial amend¬ 
ment make reference to the germanium as having been 
obtained by Purdue Research Foundation from the 
Eagle-Pieher Lead Company of Joplin, Missouri, on 
or about June 6, 1942. According to observations 


drawn by Benzer in his specification (Jt. A 105, third 
sentence), there remained in the metal germanium as 
produced by the Eagle-Picher Lead Company, by the 
refining or reducing of the materials in which such 
chemical element is found, “certain minute quantities 
of ionized impurities which are effective in modifying 
the electrical characteristics of pure germanium to pro¬ 
duce the results observed” by Benzer. Those results 
are set forth by Benzer in his application and will here¬ 
inafter be summarized. 

As another source of the impure germanium for his 
electrical device, Benzer mentions in his specification 
(Jt. A105, final paragraph) the reduction, in the known 
carbon reduction process, of germanium dioxide “to 
produce carbon dioxide and what would generally be 
considered to be pure germanium.” The teachings of 
Benzer’s specification, however, are that only “some of 
the metallic germanium crystals” so produced “will 
exhibit the effects” desired by this applicant. In his 
specification, Benzer expresses the thought that osten¬ 
sibly pure germanium as produced by the carbon reduc¬ 
tion process includes exceedingly minute amounts of 
ionized impurities due to (1) impurities in the german¬ 
ium dioxide, or (2) impurities in the carbon, or (3) 
impurities taken up from the atmosphere during the 
reduction process. 

With respect to both professed sources of impure 
germanium for his electrical device, Benzer asserts in 
his specification (Jt. A 106, first paragraph) that a 
suitable number of satisfactory germanium crystals 
may be found by probing the surfaces thereof with a 
cat’s whisker or electrode with a suitable source of po¬ 
tential between the crystal and electrode. Benzer spe- 
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cifically states in his specification that “not all impuri¬ 
ties in germanium” are suitable for his device. 

Test results from the electrical device incorporating 
(See Jt. A 105, fourth sentence) specified germanium 
crystals supplied to Purdue Research Foundation by 
Eagle-Picher Lead Company are graphically shown in 
Fig. 2 of the Benzer application (Jt. A 114-1), and are 
spelled out in Benzer’s specification (Jt. A 106 and 
107). Briefly, they indicate (1) that the current flow 
in the forward or low resistance direction through the 
device obtained at voltages of less than two volts is of a 
substantial order as compared to the current flow in the 
back or high resistance direction at voltages of the order 
of 5 volts and in excess thereof and (2) that the current- 
voltage characteristic in the back or high resistance 
direction exhibits a voltage peak of at least 5 volts be¬ 
yond which peak an incremental increase in current is 
accompanied by an incremental decrease in voltage 
drop across the device. Current flow is in the forward 
or low resistance direction when the potential upon the 
cat’s whisker is positive and the potential upon the 
body of germanium is negative. Current flow is in the 
back or high resistance direction when the potential 
upon the cat’s whisker is negative and the potential 
upon the body of germanium is positive. 

THE CLAIMS ON APPEAL 

Such a claim as claim 16 on appeal contains limita¬ 
tions expressing both showings (1) and (2) above. It 
is representative of similar claims 19, 21, and 22. Illus¬ 
trative claim 23 and similar claims 18 and 24 contain 
limitations expressing, solely, showing (1). 

These limitations are the vital limitations of the 
claims on appeal. It follows from the fact that not any 


and all impurities, but only certain impurities, will give 
rise to the test results plotted in Fig. 2, that the limita¬ 
tions as to the body of germanium being of a purity in 
excess of 99% are not vital limitations (See Brief for 
Appellant, page 44, third paragraph). 

PATENT NO. 2,514,879 

In his application, Benzer indicates (Jt. A 108) that 
his associates in the Department of Physics at Purdue 
University, Karl Lark-Horovitz and Randall M. 
Whaley, building upon his work as described in the 
application, had conducted further work to determine 
by controlled melts the compositions of germanium 
which would give the electrical effects specified by him 
in his application. With reference to a “copending ap¬ 
plication,” Serial No. 604,744, of these associates, en¬ 
titled “Alloys and Rectifiers Made Therefrom,” Benzer 
states in his own application that the procedure they 
followed was “to begin with pure germanium and then 
by adding various impurities such as other elements or 
combinations of other elements in relatively small 
amounts to produce high back voltage rectifiers.” 

Patent No. 2,514,879 (Jt. A 223-19; Defendant’s Ex¬ 
hibit 2) was granted on said application of Lark-Horo¬ 
vitz and Whaley. Its contents are as so stated by 
Benzer. The patentees did determine what impurities, 
deliberately alloyed with germanium approaching a 
purity of 100% (Jt. A 223-23, column 6, lines 42 to 56), 
would produce a crystal to serve in rectifiers that 
would perform in the manner described by Benzer in 
his application, which is to say, rectifiers “which offer 
low resistance to current flow in one direction there¬ 
through and high resistance to current flow in the op¬ 
posite direction” (Jt. A 223-21, column 1, lines 1 to 6). 
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Patent No. 2,514,879 was not introduced in evidence 
by the Commissioner at the trial below as prior art, but 
for the light it threw on the sufficiency of the disclosure 
of the Benzer application in suit. 

THE PRIOR ART 

In finding all the claims on appeal to be unpatentable, 
the three tribunals below relied upon an article (Jt. A 
223-13) entitled “On Contact Rectification by Metallic 
Germanium,” published by Ernest Merritt at pages 
743 to 748 of Yol. 11, 1925, of the Proceedings of the 
National Academy of Science, and on Patent No. 2,402,- 
839 (Jt. A 223-1) granted June 25, 1946, to R. S. Ohl, 
upon an application filed March 27, 1941. 

The cited article discloses (Jt. A 223-13, final para¬ 
graph; 223-14, second paragraph) a crystal rectifier 
composed of a germanium crystal, a metal mounting of 
relatively large contact area, and a probing metal rod 
or cat’s whisker. The author of the article particularly 
states (Jt. A 223-13, second paragraph) that the high 
thermo-electric power of germanium; the fact that in 
Mendeleef ? s series germanium falls in the same group as 
silicon, “one of the best rectifying materials known”; 
and the further fact that germanium and silicon have 
the same crystal form, all led to the expectation that 
germanium contacts would show rectifying properties, 
which expectation, he adds, was confirmed by tests he 
made. 

In his patent, Ohl teaches (Jt. A 223-5, column 3, lines 
66 to 77; 223-4, column 1, lines 1 to 9; 223-7, column 8, 
lines 55 to 67) that in electrical translating devices 
utilizing silicon, including devices for rectifying elec¬ 
trical oscillations, “a remarkable improvement in the 
point contact rectifying characteristic * * * is at- 
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tainable if resort be had to silicon of a high degree of 
purity, for example, of the order of at least 99 per 
cent.” 

SUMMARY OF ARGUMENT 

1. The disclosure of the Benzer application on appeal 
is inadequate. To meet the performance requirements 
of the claims on appeal, the germanium crystal included 
in Benzer’s electrical device must contain certain “im¬ 
purities.” Such impurities are not specified in Benzer’s 
application. Benzer’s associates, Lark-Horovitz and 
Whaley, at Purdue University found impurities that 
would serve. They are specified in Patent No. 2,514,- 
879, assigned to appellant. 

2. The claims on appeal are functional. Structure, 
by way of reference to impurities in the germanium 
crystal included in Benzer’s electrical device, is not 
recited in the claims. Expression in the claims of the 
results or functions of Benzer’s device does not, under 
a long line of decisions in the federal courts, confer 
patentability on the claims. 

3. The claims on appeal are unpatentable in view of 
cited prior art. 

ARGUMENT 

1. The Disclosure of the Application of Benzer On Appeal Is 

Inadequate 

A high back voltage germanium rectifier meeting the 
requirements of the claims on appeal will not be pro¬ 
vided by incorporating an absolutely pure germanium 
crystal in an electrical device otherwise consisting of 
a conductor plate and a cat’s whisker (Jt. A 105, sec¬ 
ond sentence; 62, fourth question; 64, final question; 
74, antepenultimate question to 76). For a germanium 
crystal so to serve, it must include certain impurities. 
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Not all impurities will do (Jt. A 106, first paragraph; 
77, third question). 

The impurities that will do are not specified in the 
specification of the Benzer application. Yet the patent, 
No. 2,514,879 (Jt. A 223-19), of Benzer’s associates, 
Lark-Horovitz and Whaley, assigned to appellant, 
Purdue Research Foundation, indicates that they were 
subject to investigation. Benzer’s associates, rather 
than Benzer, completed the investigation needed to 
furnish a basis for patent. In the words of the trial 
court (Jt. A 95, final paragraph), Benzer “hit upon 
the outside of the cavern and he did not go inside, he 
did not find out what was past the door or what was 
past the field.” 

Section 4888 R. S., 35 U.S.C. (1946) 33, as in force 
when the Benzer application was filed on January 23, 
1946, required from Benzer a written description of 
his electrical device “in such full, clear, concise, and 
exact terms as to enable any person skilled in the art 
or science to which it appertains, or with which it is 
most nearly connected, to make, construct, compound, 
and use the same.” Similar provisions are set forth 
in 35 U.S.C. (1952) 112. 

“In claiming a patent for the discovery of a useful 
result in any art, machine, manufacture, or composition 
of matter by the use of certain means,” the present 
Court stated in In re Blackmore, 32 App. D. C. 338, 
341, “the applicant must specify ‘the means he uses in 
a manner so full and exact that anyone skilled in the 
science to which it appertains can, by using the means 
he specifies, without any addition to, or subtraction 
from, them, produce precisely the result he describes/ ” 
citing O'Reilly v. Morse, 15 How. 62,119,14 L. ed. 601, 
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626. Of like import are the following decisions of 
other courts: In re Beach, 33 C.C.P.A. 815, 152 F. 
2d. 981; Zenith erm Co., Inc. v. Art Marble Co. of Amer¬ 
ica et al., 45 F. 2d. 208, affirmed 56 F. 2d. 39; R. H. 
Comey Co. v. Monte Christi Corporation et al., 17 F. 
2d. 910; Cochrane et al. v. Badische Anilin and Soda 
Fabrik, 111 U. S. 293. Precedents, however, are not 
of major importance in the case at bar. It is a case 
aptly befitting the observation of formerly District 
Judge, now Circuit Judge, Edwin R. Holmes, at 45 
F. 2d. 209, that 4 ‘Out of the facts the law arises * * 

The inadequacy and defectiveness of the disclosure 
of the Benzer application are emphasized by the his¬ 
tory of the prosecution of the application in the Patent 
Office. Thus, the patent agent of record for Benzer 
indicated (Jt. A 179, final paragraph), in the brief he 
submitted to the Board of Appeals, that, at the time 
Benzer performed his experiments, “it was not possible 
to define the germanium semi-conductor more exactly 
in terms of chemical constitution, for example, since 
that was not known” (See also Jt. A 155, antepenulti¬ 
mate paragraph). Also, that brief (Jt. A 181, final 
paragraph, to 184, third paragraph) and the affidavits 
therein referred to (Jt. A 154, fifth paragraph; 152, 
first, second and third paragraphs) show that the only 
germanium crystal received from the Eagle-Picher 
Lead Company which was useful in Benzer’s electrical 
device was a germanium crystal from which all alumi¬ 
num, gallium, and indium deliberately had been re¬ 
moved (See also Jt. A 148, final paragraph to 150, line 
13, and 215, first sentence and penultimate paragraph). 
Entire absence of aluminum, gallium, and indium is, of 
course, not particularized in Benzer’s application as a 
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sine qua non of the germanium crystal he would em¬ 
ploy in his electrical device. 

Benzer and appellant have sought, improvidently, to 
obtain a patent on the application on appeal, without 
paying the price the law requires of them, which is a 
complete disclosure in that application. Concededly, 
(Jt. A 100, third sentence), Benzer did not identify 
the impurities present in the germanium crystals he 
experimented with. Identification of them was vital 
in a proper application for patent. Although it has 
been employed throughout the record, “impurities” 
really is a misnomer. The Board of Appeals (Jt. A 
214, antepenultimate sentence) recognized as much by 
referring to the impurities as “impurities (so-called).” 
If the term “activator” had been employed, instead 
of “impurities” (See Jt. A 215, penultimate para¬ 
graph, second sentence), consideration of Benzer’s ap¬ 
plication would have been easier (Cf. Jt. A 92, third 
paragraph). 

2. The Claims On Appeal Are Functional 

Like the claims under review by the Circuit Court 
of Appeals for the Fifth Circuit in Zenitherm Co., Inc. 
v. Art Marble Co. of America et al., 56 F. 2d. 39, 43, the 
claims here on appeal are bad because of “too much 
claim in the claims and too little specification in the 
specifications.” Benzer’s specification does not specify 
the impurities requisite in the germanium crystal he 
would use in his electrical device: Benzer’s claims are 
such as would monopolize all impure germanium crys¬ 
tals that would serve. 

The claims on appeal rely for patentability upon de¬ 
finition by function, rather than by structure. The 
only physical structure therein set forth is that em- 


11 


bodied in prior art germanium crystal rectifiers (See 
Jt. A 202, final paragraph; Cf. Brief for Appellant, 
page 39, first paragraph), to wit: a germanium crystal, 
a metallic conductor plate to which one surface of the 
crystal is attached, and an electrode having point con¬ 
tact with another surface of the crystal. Reference 
in the claims to the germanium crystal being of a 
purity in excess of 99% does not, of itself, serve to dis¬ 
tinguish Benzer’s claimed electrical device from the 
prior art, and appellant so recognizes (Brief for Ap¬ 
pellant, page 44. third paragraph). 

The remaining limitations of the claims on appeal 
set forth the performance of Benzer’s electrical de¬ 
vice, and the trial court so found (Jt. A 10 and 12, 
Findings of Fact Nos. 3 and 11). In the words of the 
Board of Appeals (Jt. A 216, antepenultimate para¬ 
graph), they “are not * *' * limitations in the nature 
of the germanium to be employed as the semi-conductor 
or in the physical structure of the device, but they are 
results or functions found in the completed structure 
* * The correctness of such holdings of the two 
tribunals below is manifest from a consideration of 
Benzer’s own specification; of the patent, No. 2,514,- 
879, of Lark-Horovitz and Whaley, assigned to appel¬ 
lant ; and of the claims on appeal, particularly claim 16. 
Particularly, language such as that contained in the 
functional limitations of the claims on appeal, in gen¬ 
eral, is employed with reference to the performance 
of a complete electrical device. As stated by Whaley, 
as a witness for appellant (Jt. A 70, first and second 
questions), the electrical characteristics indicated in 
Fig. 1 (Jt. A 223-19) of patent No. 2,514,879, corre¬ 
spond to those indicated in Fig. 2 (Jt. A 114-1) of 
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Benzer’s application, whereby that patent properly is 
brought into the picture at this point. 

In his specification, Benzer refers to the “point con¬ 
tact rectifiers/ ’ comprising the germanium he de¬ 
scribes as having the eight listed “desirable character¬ 
istics” (Jt. A 100, final paragraph). Benzer’s lan¬ 
guage in this earlier part of his specification is in ac¬ 
cord with his later statement of his objects of inven¬ 
tion (Jt. A 102 and 103). Benzer further mentions 
Fig. 2 of his application drawings as illustrating elec¬ 
trical characteristics of the device of his shown in Fig. 
1 (Jt. A 104, first paragraph; 106, final paragraph. 
Cf. Jt. A 72, third question, to 74, third question). 
And Benzer at a mid-point of his specification states 
(Jt. A 105, fourth sentence): 

The metallic crystals of germanium * * * of¬ 
fered for sale by the Eagle-Picher Lead Company 
is one source of metallic germanium among which 
crystals may be found which, when incorporated 
in a device as above described will exhibit the elec¬ 
trical effects referred to above and described in 
greater detail hereinafter. 

Lark-Horovitz and Whaley in the specification to 
their patent, No. 2,514,879, ascribe, like Benzer, eight 
listed advantages to “contact rectifiers” using their 
germanium alloys as the semi-conductors (Jt. A 223- 
21, column 2, lines 13 to 39). These patentees under¬ 
take to describe and compare their various germanium 
alloys “according to the properties they exhibit when 
made into contact type rectifiers” (Jt. A 223-22, column 
3, lines 8 to 12). They assert that all their “rectifiers” 
using alloys of their invention “exhibit a negative re¬ 
sistance region in the back direction for currents ex- 
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ceeding the current at the peak back voltage” (Jt. 
A 223-22, column 3, lines IS to 22). They identify Fig. 
1 as showing “the voltage-current characteristic curves 
of several rectifiers using certain of the alloys” of their 
invention (Jt. A 223-22, column 4, lines 9 to 14). And 
in such claims as claims 1 and 12 of their patent, Lark- 
Horovitz and Whaley refer to their specified elec¬ 
trical “device” as “having a peak back voltage in the 
range in excess of 10 volts and approaching the order 
of 200 volts” (Jt. A 223-26, column 12, lines 11 to 13; 
223-27, column 13, lines 28 to 30). 

In the Benzer application, claim 16 (Jt. A 4) simi¬ 
larly makes reference, with respect to the specified 
electrical device, to “the current flow in the forward 
or low resistance direction through the said device.” 

A long line of decisions, in this and other federal 
courts, establish that patentability is not conferred 
upon claims by statements of purpose, desired result, 
or mode of operation. 

In Eric Pick and The Permutit Company v. Coe, 
69 App. D. C. 216, 99 F. 2d. 985, the present Court had 
before it claims to a valve member made of “a hard 
organic electrically non-conductive material provid¬ 
ing a low coefficient of friction.” The Court charac¬ 
terized that type of claim as “broader than the inven¬ 
tion,” and added: 

“* * *. It does not meet the requirement that 
the invention and the process of making or com¬ 
pounding it be described in ‘full, clear, concise, 
and exact terms. ’ 35 U. S. C. A. § 33. In Holland 
Furniture Company v. Perkin# Glue Company, 
277 U. S. 245, 256, 257, 48 S. Ct. 474, 479, 72 L. 
Ed. 868, the Supreme Court held that ‘an inventor 
may not describe a particular starch glue which 
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will perform the function of animal glue and then 
claim all starch glues which have those functions. 
* * * A claim so broad, if allowed, would operate 
to enable the inventor who has discovered that a 
defined type of starch answers the required pur¬ 
pose to exclude others from all other types of 
starch, and so foreclose efforts to discover other 
and better types. The patent monopoly Tvould thus 
be extended beyond the discovery, and would dis¬ 
courage rather than promote invention. 7 The prin¬ 
ciple applies here. 77 

Another decision on functional claims by the Su¬ 
preme Court of the United States, that in General 
Electric Co. v. Wabash Appliance Corp., 304 U. S. 
304, was cited by the present Court in its more recent 
decision in David Dalin v. Watson ,—U. S. App. D. C. 
—, 204 F. 2d. 730. It was cited to the point that “an 
applicant for a device or structure patent must show 
novel and distinguishable mechanical features in his 
own apparatus: lacking this, added efficiency in reach¬ 
ing desired effects does not create patentability. 77 

In the General Electric Co. case, the Supreme Court 
had before it a claim reading, as follows: 

25. A filament for electric incandescent lamps or 
other devices, composed substantially of tungsten 
and made up mainly of a number of comparatively 
large grains of such size and contour as to prevent 
substantial sagging and offsetting during a normal 
or commercially useful life for such a lain]) or 
other device. 

With respect to said claim, the Supreme Court said: 

The claim uses indeterminate adjectives which 
describe the function of the grains to the exclu- 
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sion of any structural definition, and thus falls 
within the condemnation of the doctrine that a 
patentee may not broaden his product claims by 
describing the product in terms of function. 

In United Carbon Co. et al. y. Binney & Smith Co., 
317 U. S. 228, the Supreme Court cited both the Holland 
Furniture Co. case and the General Electric Co. case 
in support of the rule that “a patentee may not broaden 
his claims by describing the product in terms of func¬ 
tion/ ? Further pertinent in the case at bar are the fol¬ 
lowing statements of the Supreme Court accompanying 
the quoted rule: 

“Respondent urges that the claims must be read in 
the light of the patent specification, and that as so 
read they are sufficiently definite. Assuming the pro¬ 
priety of this method of construction, * * * it does 
not have the effect claimed, for the description in the 
specification is itself almost entirely in terms of func¬ 
tion/’ 

Reliance was placed in In re Lloyd, 36 C.C.P.A. 
817,172 F. 2d. 583, cited in the case at bar by the Board 
of Appeals (Jt. A 216, antepenultimate paragraph), 
on the Supreme Court’s decision in the United Carbon 
Co. case, in finding that the claims there in issue were 
functional and unpatentable. 

The decisions of this Court, the Court of Customs 
and Patent Appeals, and the Supreme Court would 
seem to show that the doctrine of functional claims is 
founded in the statutory requirement that an applicant 
for patent shall particularly point out and distinctly 
claim the part, improvement, or combination which he 
claims as his invention or discovery (Section 4888 R. S., 
35 U.S.C. (1946) 33; 35 U.S.C. (1952) 112); that the 


16 


doctrine forbids an applicant from expressing an al¬ 
leged advance in terms of results achieved, rather than 
means for achieving the results; and that the doctrine 
has as its purpose to circumscribe, by reference to his 
contribution of means, the area which an applicant 
may seek to monopolize by patent. 

None of the decisions cited in the Brief for Appellant 
(pages 44 to 48) are, it is submitted, controlling of de¬ 
cision on the issue of whether or not the claims on ap¬ 
peal are functional. 

The claims approved by the present Court in Ray¬ 
theon Manufacturing Co . et at. v. Coe, 68 App. D. C. 
255, 96 F. 2d. 527, included particular “means’’ 
clauses, which means the trial court specifically had 
found were not disclosed in the prior art cited. Those 
claims are such as are recognized as proper by 35 
U.S.C. (1952) 112, which provides that “An element 
in a claim for a combination may be expressed as a 
means or step for performing a specified function 
without the recital of structure, material, or acts in sup¬ 
port thereof, and such claim shall be construed to cover 
the corresponding structure, material, or acts described 
in the specification and equivalents thereof.” 

In Union Switch & Signal Co. v. Kodel Electric 
& Mfg. Co., 55 Fed. (2d) 173, the Circuit Court of Ap¬ 
peals for the Sixth Circuit agreed with the District 
Court that claims 1, 2, 7, and 15 to 20, in issue, were 
invalid. With respect to claims 7 and 35 to 20, and 
hence with respect to claim 16, quoted by the Circuit 
Court in the single footnote to its decision, that Court 
said: 

“The remaining claims in suit, 7 and 15 to 20, inclu¬ 
sive. do not call for a copper disc or plate, but call 


for rectifying means formed at the junction of two 
dissimilar bilaterally conducting bodies integrally 
joined together over an extended area. While the spe¬ 
cifications in original form do not limit the base mem¬ 
ber to copper but suggest as an example a copper plate 
and a surface coating of cuprous oxide formed thereon, 
they nowhere describe such other metals in their phys¬ 
ical characteristics. Grondahl assumed, without deter¬ 
mining by test or otherwise, that two dissimilar bilater¬ 
ally conducting bodies joined together would produce 
rectification. Without identifying in his specifications 
such bodies except in terms of function, he undertook 
to claim all substances in which the function might be 
found. This he could not do. Heidbrink et al. v. Mc¬ 
Kesson, 290 F. 665 (6 C.C.A.), and Holland Furniture 
Co. v. Perkins Glue Co., 277 U. S. 245, 48 S. Ct. 474, 
72 L. Ed. 868.” 

In Minnesota Mining & Mfg. Co. v. International 
Plastic Corp., 159 F. 2d. 554, the Circuit Court of Ap¬ 
peals for the Seventh Circuit would seem necessarily 
to have entertained the view’ that certain claims w’hich 
appellant had urged were functional expressed suf¬ 
ficient structure to distinguish from the prior art. Such 
a view’ is at least implied in the paragraph Purdue 
Research Foundation quotes (Brief for Appellant, page 
48), and follows from the preceding paragraph of the 
decision of the Circuit Court. 

The paragraph quoted in the Brief for Appellant 
(page 48) from Linde Air Products Co. v. Graver 
Tank & Mfg. Co., 167 F. 2d. 531, concerned claims 1, 
3, 4, 7, 8, and 9, there in suit. The District Court, ac¬ 
cording to a preceding paragraph of the decision of 
the Seventh Circuit Court of Appeals, had held said 
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claims “to be invalid because they were too broad and 
indefinite to satisfy the statute, that is to say, because 
they were said to make no reference to the chemical 
constituents of the welding composition/’ Upon re¬ 
view, on certiorari, of the decision of the Circuit Court 
of Appeals, the Supreme Court of the United States 
in Graver Tank & Mfg. Co., Inc., et al. v. Linde Air 
Products Co., 336 U. S. 271, disposed of the same claims 
in the following brief manner: 

“All process claims w r ere held invalid by the Dis¬ 
trict Court; those numbered 1, 3, 4, 7, 8 and 9, because 
they make no specific reference to the essential chemical 
constituents of the welding composition to be used in 
the claimed welding process, a conclusion with which we 
agree.” 

None of said claims was involved in the decision of 
the Supreme Court on rehearing, 339 U. S. 605. 

On the facts and under the law, there was no error 
in the concurring holdings of the three tribunals below* 
that the claims on appeal are functional. 

3. The Claims On Appeal Are Unpatentable In View of the 

Cited Prior Art 

The three tribunals below T likewise agreed that the 
claims on appeal are unpatentable in view of the ar¬ 
ticle by Merritt (Jt. A 223-13) and the patent to Ohl 
(Jt. A 223-1). As previously set forth in the instant 
brief for the Commissioner, the Merritt article dis¬ 
closes all the physical structure expressed in the claims 
on appeal: the germanium crystal, the metal contact 
of large area, and the probing cat’s v’hisker. For its 
part, the Ohl patent teaches (Jt. A 223-5, column 3, 
lines 66 to 73), as has been stated, that in an electrical 
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translating device, such as that disclosed by Merritt, 
but employing a silicon crystal instead of a germanium 
crystal, “a remarkable improvement in the point con¬ 
tact rectifying characteristic and other electrical prop¬ 
erties is attainable if resort be had to silicon of a high 
degree of purity, for example, of the order of at least 
99 per cent.” To this teaching, Merritt adds (Jt. A 
223-13, second paragraph) the information that silicon 
and germanium have similar rectifying properties. 

The position of the three tribunals below was that 
invention was not required to provide industry with 
such an electrical device as that described by Benzer 
in his application and expressed in his claims on ap¬ 
peal, in which the germanium crystal is of a purity 
in excess of 99%. The road signs furnished by the 
teachings of the Merritt article and the Ohl patent 
mark out a route of experimentation whereby Benzer’s 
device would be obtained by simple research. Benzer’s 
contribution accordingly is no different from those of 
others which were found unpatentable in such cases 
decided by the present Court as Eric Pick and The 
Permutit Company v. Coe, supra; Joseph E. Seagram 
& Sons, Inc . v. Marzall, 86 U. S. App. D. C. 100, 180 
F. 2d. 26; Otis v. Marzall, 88 U. S. App. D. C. 332, 189 
F. 2d. 653, and Vanadium Corporation of America v. 
Marzall, 91 U. S. App. D. C. 3, 197 F. 2d. 187. 

In that all the physical structure recited in the claims 
on appeal is disclosed in the Merritt article, those 
claims are unpatentable in view of that article alone 
(See Jt. A 213, first paragraph). 
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CONCLUSION 

The decisions in the Patent Office and by the District 
Court, denying appellant a patent, bespeak their cor¬ 
rectness. The judgment below should, it is respect¬ 
fully submitted, be affirmed. 

E. L. Reynolds, 

Solicitor, United States Patent Office. 
Clarence W. Moore, 

Of Counsel. 

November, 1953. 
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BRIEF FOR APPELLANT. 


JURISDICTIONAL STATEMENT. 


1. Purdue Research Foundation is the assignee of ap¬ 
plicant Seymour Benzer who on January 23, 1946 filed in 
the U. S. Patent Office an application for patent entitled 
“Electrical Devices” which received Serial Number 
642,960. 

2. Upon examination made, the application was twice 
rejected by the Primary Examiner. Applicant having paid 
the required fee took appeal to the Board of Appeals of the 
Patent Office, 35 U. S. C. 134. 

3. Being dissatisfied with the decision of the Board of 
Appeals, applicant and his assignee filed Civil Action No. 
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4685-51 in the U. S. District Court for the District of 
Columbia within the time permitted by law, against the 
Commissioner of Patents to authorize the Commissioner 
to issue a patent to applicant under the then provisions of 
Section 4915 R. S. (35 IT. S. C. 1946 ed. 63). 

4. From the judgment of the U. S. District Court for 
the District of Columbia dismissing the Complaint Purdue 
Research Foundation duly lodged this appeal in this Hon¬ 
orable Court July 28, 1953 under the provisions of 28 
U. S. C. 1291, as the real party in interest. 
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STATEMENT OF THE CASE. 


Early Use of Crystal Rectifiers. 

The invention relates to crystal rectifiers employed for 
detection of electrical oscillations. 

It has long been known that bodies of the class of mate¬ 
rials known as semi-conductors, including silicon, galena 
and numerous other materials, may be utilized for contact 
detectors for electrical oscillations. Various elements and 
compounds were tried out, and silicon in pure form was 
found to be suitable for tins purpose as early as 1906. 
Patents on silicon contact detectors were taken out as early 
as 1906. See Picard patents 836,531 and 888,191 (see Ohl 
patent 2,402,839, column 5, line 24, et $eq., cited in the file 
of Benzer application here in suit). 

These crystal detector rectifiers were almost universally 
used until the early 1920’s, for the reception of so-called 
spark telegraph signals in the early days of radio com¬ 
munication known as “wireless” (Torrey, Tr. 118, Joint 
App. 81A). 

A typical detector was made by clamping or soldering 
a small piece of the crystal in a small cup or receptacle. 
The rectifying contact was made with a flexible wire known 
as a cat’s whisker, held in light contact with the crystal. 
Good rectification was obtained only from sensitive spots 
on the crystal and frequent adjustments of the contact 
point were necessary for good performance (Torrey, Tr. 
118, Joint App. 81A). 

It is still necessary to find a suitable location for the 
point of the cat’s whisker even in the latest silicon crystal 
rectifiers (see Ohl patent 2,402,839 cited in Def. Ex. 1; 
Col. 15, lines 1 to 11). 
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Thermionic Tubes Displace Crystal Rectifiers for Radio. 

The development of thermionic tubes made the crystal 
rectifier obsolete in radio program receivers. From about 
1925 to 1940, the crystal rectifier was used chiefly as a 
laboratory device for detecting and monitoring ultra high 
frequency power. A combination of the silicon crystal and 
a whisker of tungsten or molybdenum was found to be 
among the most sensitive and -was commonly used for this 
work (Torrev, Tr. 119, Joint App. 82A). 

Radar Goes to Microwaves. 

Radar was developed in England in the early stages of 
World War II. It enabled the British to defeat the Nazi 
air raids by detecting the German planes before they ar¬ 
rived over their targets, and the British could get their 
own fighter planes in the air in time to attack them (Torrey, 
Tr. 119, Joint App. 82A). Radar at that stage employed 
low enough frequencies that electronic tubes would serve, 
but with the improvement of radar, higher and higher fre¬ 
quencies were employed, and electronic tubes could not 
meet the requirements and crystal rectifiers were employed 
in this service (Torrey, Tr. 123, Joint App. 84A). 

Radar and Its Needs. 

With the entry of the United States into the War, the 
Government set up the so called Radiation Laboratory at 
Massachusetts Institute of Technology to develop radar for 
the Armed Forces. The Radar System, as developed early 
in the United States participation in the World War, con¬ 
sisted of a generator of very high frequency radio impulses 
called microwaves, which signals had the property that 
when they were projected from the transmitter, they vrould 
go out in a relatively straight line and could be reflected 
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from a target. The reflected beam, when properly received 
and identified, served as a means for locating the direction 
and nature of the target (Whaley, Tr. 24, Joint App. 17A). 

Silicon Crystal Rectifiers Inadequate. 

One of the key problems was to detect the very weak re¬ 
flected signals. Vacuum tubes were not adequate and sili¬ 
con crystal rectifiers were employed. The silicon crystal 
rectifier was unreliable, both mechanically and electrically, 
and it was common knowledge that whenever a radar sys¬ 
tem would fail, the operator would look to the crystal com¬ 
ponent in his receiver as the possible source of the difficulty, 
and the common practice was immediately to pull out and 
replace the crystal rectifier because it was subject to being 
burned out by receiving a portion of the waves sent out 
towards the target. This constant problem of burnout and 
the inadequacy of the silicon crystal rectifier were recog¬ 
nized both in the United States and in England (Whaley, 
Tr. 25-26, Joint App. 17A-18A). 

Crystal Rectifier Program of Radiation Laboratory. 

The Radiation Laboratory took up this problem which 
was to secure a stable, efficient, first detector for radar 
systems (Torrey, Tr. 120, Joint App. 82A). 

Dr. Henry C. Torrey, a witness for the Plaintiff in this 
case, employed by Radiation Laboratory, was assigned, as 
part of his duties, the supervision and coordination of work 
outside of the Radiation Laboratory on this problem of 
developing a satisfactory first detector crystal rectifier for 
radar. Contracts were made between the Office of Scientific 
Research & Development and various commercial Labora¬ 
tories and Universities to do research work in what was 
known as the Crystal Rectifier Program. One of these 
contracts was made early in 1942 with Purdue University 


for work in tlie Department of Physics (Whaley, Tr. 23, 
Joint App. 16A). The problem was pressing, and it was 
felt that cooperating teams of physicists from various 
Universities and commercial laboratories working on this 
problem as a basic research problem could perhaps come 
up with better crystal rectifiers for radar (Tr. 23, Joint 
App. 16A). 

Research Activity at Purdue University. 

The group at Purdue, including Seymour Benzer, the in¬ 
ventor named in the application here in suit, undertook the 
study of crystal rectifiers, more particularly, silicon recti¬ 
fiers, which were then the only kind in use. They also 
undertook a search for other materials than silicon which 
might make better rectifiers for this purpose. Dr. Whaley’s 
part in this program was primarily in the preparation of 
materials for investigation (Tr. 27, Joint App. 16A), 
and Dr. Torrey’s chief activity was coordination of the 
various groups working on crystal rectifiers since this was 
a cooperative effort (Torrey, Tr. 120, Joint App. 82A). 

Purdue Group Studies Germanium. 

Purdue University undertook the investigation of ger¬ 
manium as a proposed material for making crystal recti¬ 
fiers. Also the Sperry Gyroscope Company had a group 
working on germanium, and General Electric Company also 
worked on germanium, and there was a group in England 
which worked for a time on germanium (Torrey, Tr. 120, 
Joint App. 16A). Also there was a group at the University 
of Pennsylvania, and the General Electric Company of 
England (Tr. 120, Joint App. 83A). Up to the time of 
the Benzer invention here in suit, none of the various 
teams investigating germanium had succeeded in producing 
a rectifier which could compete with silicon for use as a 
first detector in microwaves (Tr. 120, Joint App. 83A). 
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Other Investigators Try Germanium and Drop It. 

Those groups investigated germanium as a material for 
making crystal rectifiers, and abandoned it because they 
found it was not satisfactory, and they settled on silicon, 
applying their efforts thereafter to improving the silicon 
diode which was used in England and in this country for 
the first detector in the Radar set, until the Benzer inven¬ 
tion here in suit came upon the scene (Tr. 28, Joint App. 
20A). 

A British publication, entitled “The Times Service Re¬ 
view ” for the summer of 1952, published an article on 
“Crystal Valves, Their Place in Electronic Developments” 
by Dr. E. G. James (PI. Exh. 2, Tr. 31, Joint App. 22A), 
reporting that the British group had investigated ger¬ 
manium, but had failed to make the discovery which Benzer 
made. 

Benzer Studies “Burn-Out”. 

Seymour Benzer, the inventor named in the application 
in suit, became a member of the research group at Purdue 
University early in 1942, working in the Department of 
Physics on the crystal rectifier program. Benzer was 
assigned the responsibility of studying the various ma¬ 
terials for their burn-out properties, that is, for the ability 
of the material to withstand the high impulses of power 
that would come back to the crystal in the radar receiver 
which caused it to burn out, as was the case with crystal 
rectifiers then in use (Tr. 34, Joint App. 24A). 

Germanium Long Known. 

Germanium is a metallic element of the carbon family. 
It w r as discovered in 1886 by Winkler. It is a very rare 
metal. (Hackh’s Chemical Dictionary, p. 375, PI. Ex. 7, 
Joint App. 222A10). 
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Germanium occurs widely distributed in the earth’s 
crust. It does not occur isolated in nature, so that when one 
wants to secure germanium, it has to be concentrated from 
a very, very diffused distribution, the process of concentra¬ 
tion and recovery has, up to the present time, been con¬ 
nected primarily with the zinc and lead mining industry. 

Eagle-Picher Co. Recovers It as a By-Product. 

The Eagle-Picher Company has been, and still is the 
principal supplier in the United States of germanium wilich 
is recovered from residues in mining operations of zinc 
and lead (Tr. 32, Joint App. 23A). 

Eagle-Picher Supplies It as Desired. 

Commercial manufacturers of germanium rectifiers in 
the United States, subsequent to the Benzer invention, se¬ 
cured germanium either in the form of the nominally pure 
metal or in the oxide from the said Eagle-Picher Company, 
and it is recognized by those skilled in this art that since 
the Benzer invention, no one has encountered any difficulty 
in securing germanium of a purity in excess of 99% and 
having the electrical characteristics discovered by Benzer. 
The concentration from diffuse distribution tends to in¬ 
clude trace impurities even when the metal is highly puri¬ 
fied, or produced from the oxide. (Whaley, Tr. 75-76, Joint 
App. 52A-53A). 

These impurities are the naturally occurring impurities 
and purification of the metal involved reducing the amount 
of the naturally occurring impurities. The trouble was not 
in getting impurities in but in getting them out. 
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Benzer Tests Samples of Germanium for “Burnout” and 

Makes a Discovery. 

Benzer of the Purdue group was studying “burnout” of 
crystal rectifiers in the hope of discovering the mechanism 
of “burnout” and how to cure it. 

Dr. Whaley was, at the same time, delegated the job of 
procuring and preparing suitable materials for study. 
Other members of the group assembled the metal into 
sample rectifiers for test. Dr. Whaley procured from 
Eagle-Piclier Lead Co. samples of germanium metal. The 
earlier samples of the metal which were recognized as 
more or less impure, showed no particular promise in the 
tests made on them. Dr. Whaley cooperated with the 
Eagle-Piclier Company in the production of samples of a 
high degree of purity, which they thereafter designated as 
their chemically pure or electronic grade. 

Samples of this material were submitted to Benzer for 
his burnout tests of it when made into rectifiers. 

In the course of his burnout tests Benzer made the dis¬ 
covery that when the germanium in the crystal is of a 
purity in the narrow range of between 99% and 100%, 
with the remainder consisting of the naturally occurring 
impurities, the germanium exhibits very remarkable and 
highly advantageous properties, because of which a recti¬ 
fier made of it will stand overloads and not burn out. Dr. 
Whaley testified (Tr. 34-35, Joint App. 24A-25A) as 
follows: 

“Q. Now, then, what happened? 

“A. Well, he found in the purest samples of ger¬ 
manium that we were able to give him, a remarkable 
characteristic, he found that the germanium had a 
property that was entirely unknown in the field of 
crystal rectifiers up to that time, namely, that when 
this germanium was assembled in the form of a recti¬ 
fier, that it -would not only rectify, that is pass cur¬ 
rent in one direction and not in the other, relatively 
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speaking, it would also withstand relatively large 
amounts of power. It would also withstand, without 
breaking down, without burning out, without being de¬ 
stroyed, high voltages in the high resistance or the 
blocking off direction of the operation. It also had a 
peculiar characteristic in the high resistance direction 
that it would have a negative resistance portion ex¬ 
hibited in the voltage current characteristic. By that 
I mean that after the voltage had been applied in test¬ 
ing the rectifier made of this highly purified germa¬ 
nium, after the voltage had reached a certain high 
value, further increase in current through the recti¬ 
fier would be accomplished by a voltage drop across 
the device, the voltage would decrease thereafter, this 
gives a natural self-protecting feature.” 

Novel and Unexpected Properties of Germanium-point 
Contact. 

A comparison of the voltage current characteristics of 
germanium of the above stated degree of purity when used 
with a point contact as compared to silicon similarly used 
shows that germanium has three features of striking su¬ 
periority over silicon, namely, first, that germanium will 
pass large amounts of power in a forward direction to an 
extent never dreamed of in a silicon rectifier; second, 
that it will offer very large resistance to flow of current 
in the back or reverse direction, maintaining this high re¬ 
sistance to voltages exceedingly high, relative to voltages 
that would break down a silicon rectifier; and, third, that 
it has negative resistance when the voltage upon the de¬ 
vice in the reverse direction exceeds a predetermined 
amount (Whaley, Tr. 41-42, Joint App. 29A-30A). These 
new properties, including the negative resistance char¬ 
acteristics were new and were a surprise to the Purdue 
group (Whaley, Tr. 41, Joint App. 29A). 
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The Invention Is a Surprise to Scientists. 

Professor Lark-Horovitz, head of the Purdue Physics 
Department and chief investigator of the Crystal Group, 
visited the Radiation Laboratory in the fall of 1943, and 
brought with him some of the characteristic curves which 
were exhibited at the present trial, that is, curves of the 
Benzer type, as shown in Figure 2 of the Benzer applica¬ 
tion, displaying the high back voltage and negative resist¬ 
ance features. These curves were shown to Dr. Torrey 
and to others at the Radiation Laboratory. 

“Q. What was their reaction? 

“A. Well, I would say, first of all, my own personal 
reaction was almost of incredulity. I had never seen 
anything like that before, I had no reason to anticipate 
that such a development was possible, and it was 
shocking and surprising, to say the least.” 

“Q. Do you know whether the others expressed any 
similar viewpoints. 

“A. The other people who were familiar with the 
art also expressed the same view.” (Torrey, Tr. 121, 
Joint App. 83A.) 

Benzer Rectifier Meets a Pressing War Need 

The crystal rectifier of the Benzer invention was then 
found to be peculiarly adapted to a very pressing war need, 
namely, the radar detection of German submarines using 
Snorkels (Torrey, Tr. 122, Joint App. 84A). 

Production Planned for War Needs. 

The Radiation Laboratory decided to put these units 
into quantity production. Bell Telephone Laboratories 
took a contract with OSRD to design production facilities 
for these Benzer crystal rectifiers. The Purdue people 
were consulted in this connection, and helped prepare for 
production (Torrey, Tr. 124, Joint App. 85A). 
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End of the War. 

However, the War ended before quantity production was 
under way. As soon as the Benzer invention was de¬ 
classified and became known generally, it came into use 
in a very wide variety of electronic circuits (Torrey, Tr. 
124, Joint App. S5A). 

Many Peacetime Applications Made. 

After the War, and secrecy being removed, many manu¬ 
facturing companies began the mass production of the 
Benzer germanium rectifiers which they called germanium 
diodes in their literature. They realized that the Benzer 
invention gave them a new electrical component for vari¬ 
ous electronic circuits, and that it was something entirely 
different from anything that was previously available, 
including the silicon rectifier, or the prior form of german¬ 
ium rectifier of the type disclosed in the Merritt publica¬ 
tion of 1925 (Whaley, Tr. 45, Joint App. 32A). 

Widespread Manufacture and Sale. 

Dr. Whaley gave a list of some sixteen companies (Tr. 
46, Joint App. 33A) and sample tear sheets of their 
advertising matter in respect of the germanium diode, 
embodying the Benzer invention. (See PI. Exhs. 3-A 
through 3-K, tear sheet and ads, Tr. 48, Joint App. 220, 
A3-A13.) A wide variety of new uses for these Benzer 
germanium crystal rectifiers is listed. This invention ac- 
tuallv started a new industry. 

Superiority Over Electron Tubes. 

The high back voltage crystal rectifier of the Benzer 
invention is now generally called the “germanium diode”. 
It has the overwhelming advantage over the electron tube 
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that it does not require a separate source of current for 
heating the filament which the tube requires. Additionally, 
the heat developed by electron tubes when used in con¬ 
siderable numbers is a great disadvantage. The result 
is that the germanium diode has almost universally re¬ 
placed the electron tube diode. 

Large Volume Use in Television. 

The General Electric Company Sales Bulletin states: 

“The television industry alone will require approxi¬ 
mately three to four million diodes in 1951 .’ 9 (Tr. 57, 
Joint App. 40A.) 

General Electric Company, in its sales literature, de¬ 
scribes the use of the germanium diode in the computing 
circuit known as the “electronic brain”. Sixteen thousand 
of these Benzer type diodes are used in that single in¬ 
stallation (Whaley, Tr. 47, Joint App. 33A). 

The Transistor Grew Out of Benzer’s Invention. 

As a direct result of the invention of the Benzer germa¬ 
nium rectifier, the Bell Laboratories invented the “tran¬ 
sistor” which was developed as a three-element high back 
voltage germanium crystal rectifier having the same gen¬ 
eral functions as the three-element electronic tube known 
as the DeForest audion (Tr. 58-59, Joint App. 41A). 

Novel Properties Enumerated. 

The germanium rectifier of the Benzer invention here in 
suit had properties entirely unknown in the field of crystal 
rectifiers: 

(a) It would permit large amounts of power to pass 
through it in the forward direction without damage. 

(b) It would withstand without breaking down—with- 
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out burning out—without being destroyed, high voltages 
in the reverse or high resistance direction. 

(c) It had a negative resistance characteristic for back 
voltage values beyond a certain peak which gave the recti¬ 
fier an inherent or natural self-protective character 
(Whaley, Tr. 36, Joint App. 26A). 

The prior art silicon rectifier, which was the best crystal 
rectifier known, was subject to “ burn-out ” and could be 
used on circuits of not more than about three volts 
(Whaley, Tr. 43, Joint App. 30A). The Benzer crystal 
rectifier could be employed in high voltage circuits of 10, 
20, 30 or 40 and more volts, and would handle corres¬ 
pondingly high currents without damage. It was the first 
crystal rectifier that could be employed in circuits of this 
nature. That was unpredicted and unexpected (Whaley, 
Tr. 36, Joint App. 26A). 

If a Benzer rectifier were accidentally subjected to ex¬ 
cessive voltage, it would not burn out. It would merely 
let the rush of current pass through with little hindrance, 
and when the excess had passed, would resume its work of 
rectification. It was self-protective against damage by ex¬ 
cess power (Whaley, Tr. 37, Joint App. 26A). 

New Fields of Use Opened Up. 

The Benzer invention opened up entirely new fields of 
use for the application of crystal rectifiers (Whaley, Tr. 
41, Joint App. 29A). 

It stimulated vigorous activity, to put it mildly (Wha¬ 
ley, Tr. 44, Joint App. 31 A). The Benzer crystal rectifier, 
as soon as it was made known to the Radiation Laborato¬ 
ries, was employed for a w r ide variety of uses in the radar 
system during the War (Whaley, Tr. 44, 45, Joint App. 
31A-32A). 
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New Uses and Advantages Widely Recognized. 

Western Electric Co. bulletin, Plaintiff’s Exhibit 5, 
states the advantages of germanium high back voltage 
crystal rectifiers (Benzer invention), and explains that 
they replace vacuum tubes in many circuits. Among the 
suggested applications for germanium crystal rectifiers of 
this kind are the following: 

Power rectifier, 

Second Detector, 

Slicers, limiters and clippers, 

Pulse generators, 

D. C. Restorers, 

Modulators and Demodulators. 

Benzer’s Contribution Widely Acknowledged. 

Credit is given to the Purdue group in a number of pub¬ 
lications. See, for example, General Electric Sales Book¬ 
let above referred to, the paper presented September 14, 
1950 by Dr. H. Q. North, of the Hughes Aircraft Company 
(Tr. 61, Joint App. 63A), and the article “Germanium, 
a New Gold Rush in Coal” published in Bituminous Coal 
Research, July to October, 1952 (Tr. 62, Joint App. 
44A). In the volume entitled “Crystal Rectifiers” by Dr. 
Henry C. Torrey and Charles A. Witmer, published in 
1948, by the McGraw-Hill Book Company, one of the 
series of books published by the Radiation Laboratory of 
M. I. T., referred to in (Tr. 127, Joint App. 87A), credit 
for the invention of the high back voltage germanium 
rectifier is ascribed to Seymour Benzer, the applicant here 
as party plaintiff. 
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License to Western Electric. 

Purdue Research Foundation, owner of the application 
here in suit, has granted a license to Western Electric 
Company, the owner of the patent on the transistor, and 
has granted an option for a license under the present ap¬ 
plication to Radio Corporation of America (Tr. 64, 
Joint App. 45A). 

Western Electric Company has licensed 38 companies 
to make transistors (Tr. 64, Joint App. 45A). 

The Benzer Specification Is Adequate Teaching. 

Dr. Whaley regards himself as one skilled in this art 
(Tr. 93, Joint App. 65A). Dr. Whaley testifies that he 
has made up rectifiers according to the directions of the 
specification both by ordering pure germanium metal from 
Eagle-Picher Company and by reducing germanium diox¬ 
ide by carbon reduction to the germanium metal, as taught 
in the Benzer specification, and that to his knowledge, any¬ 
one else could do the same thing, and produce satisfac¬ 
tory Benzer germanium crystal rectifiers by following the 
directions of the Benzer specification here in suit (Tr. 75, 
76, 77, Joint App. 53A-54A). 

The Metal Is Tested Before Use as a Rectifier. 

In the determination of the electrical characteristics of 

the germanium to be used as a crystal in a rectifier, tests 

are made electrically with direct current to determine 

* 

the suitability of the material, germanium, to be so used 
(Tr. 78, Joint App. 54A). Such test is not a determina¬ 
tion of the rectifying character of the device, but is a test 
of the material to determine the properties of the germa¬ 
nium metal to be used in the rectifier. That test is made 
with direct current and does not involve any rectification 



whatsoever. Rectification is accomplished only when an 
alternating voltage is impressed upon the terminals of 
the rectifier (Tr. 79-80, Joint App. 55A). 

The function of the Benzer rectifier is to rectify alter¬ 
nating current, and the result of the use of the rectifier 
is rectified current (Tr. 80, Joint App. 56A). 

But the characteristic of the material, as determined by 
electrical tests aforesaid, and as portrayed in graph form 
in Figure 2 of the Benzer application, is a portrayal of 
the point contact properties of the material (Tr. 80, 
Joint App. 56A), and this determination of the properties 
of the material may be made when the material is in ingot 
form (Tr. 81-S2, Joint App. 56A-57A). 

No Personal Skills Involved. 

The uncontradicted testimony of Dr. Whaley on the 
ability of the art to follow the teachings of the Benzer 
specification is as follows: 

“The Witness: All I can say is to those of us in 
the laboratories, it was an extremely interesting and 
astonishing development, surprising. But now it is 
no trick at all, to put it in common language, to follow 
the teachings of this development and produce devices 
disclosed.” (Tr. 84, Joint App. 58A.) 

Eagle-Picher Co. Not the Only Source. 

“The Court: Is there any significance in the fact 
this one source has such a high purity? 

“The Witness: No, the British are making them 
in large quantities. Other groups all over the world 
are looking frantically for sources of germanium to 
concentrate and they are producing them already from 
their own sources.” 
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The Claims Point Out and Distinguish the Invention. 

In discussing the meaning of claim 21 in suit, Dr. 
Whaley’s uncontradicted testimony is as follows: 

“Q. I take it you are a man skilled in this art? 
“A. Yes. 

“Q. Does that claim clearly state to you what is 
the requirement of the Benzer invention? 

“A. By that do you mean does it differentiate be¬ 
tween others? 

“Q. Yes. 

‘‘A. There is no question about that, in my mind. 
“Q. You think it does? 

“A. Yes, indeed. 

“Q. And do you think, following the directions of 
the specification, that you would have any difficulty 
in producing a device according to this claim? 

“A. No.” (Tr. 93, Joint App. 65A.) 

The Claims Define the Crystal by Its Properties, Not By 
the Function of the Rectifier. 

His testimony, uncontradicted, further covers the points 
that the character of current flow produced by certain 
applied D.C. voltages defines a property of the germa¬ 
nium, and not a function of the rectifier device, and that 
the negative resistance characteristic developed upon the 
application of certain voltages, is a characteristic of the 
material and a property of the germanium, not the func¬ 
tion of the device (Tr. 94-95, Joint App. 65A-66A). 

The Benzer Rectifier Is New in Kind. 

Dr. Whaley further testified as a man skilled in the art 
that the Ohl patent No. 2,402,839 and the Merritt publi¬ 
cation of 1925 disclosed rectifiers which did not have the 
structure nor capabilities of the Benzer invention and 
could not perform the service which the Benzer invention 
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performs. They both have low voltage characteristics, 
and they would barn out at low voltages. The Benzer in¬ 
vention is different in kind from the rectifiers of Ohl and 
of Merritt. The negative resistance characteristic, ac¬ 
cording to the Benzer invention, is totally new (Tr. 98-99, 
Joint App. 68A-69A) that the Benzer invention was a com¬ 
plete surprise to the scientists, and they had no explana¬ 
tion to offer as to how it produced the result it did (Tr. 
113, Joint App. 78A). 

Silicon and germanium operate differently regardless of 
purity. 

“The direction of easy flow (for germanium) is 
opposite to that of silicon * * (Plaintiff’s Exhibit 
2, at bottom of second column.) 

This fact is confirmed by Dr. Whaley (Tr. 42, Joint App. 
30A) and by the curves shown in Figures 12 to 15 of the 
Ohl patent No. 2,402,839. 

Benzer Different in Kind Relative to Ohl No. 2,402,839 and 

Merritt. 

The performance of the Benzer rectifier in actual serv¬ 
ice is different in kind from that of the Ohl patent or of 
the Merritt publication. Benzer will pass large currents 
for a given voltage in the forward direction without in¬ 
jury. Ohl and Merritt will not. They will burn out on 
small current flow. 

Benzer will withstand voltage up to 40 or more volts 
(in some cases 400 volts) in the back direction without 
passing any substantial amounts of current. Ohl and 
Merritt will withstand only 2 or 3 volts in a back direc¬ 
tion. 

Benzer will exhibit a negative resistance characteristic 
when the voltage in the back direction exceeds a certain 
value. This makes the Benzer device self-healing or self- 


protective. The Ohl and Merritt devices have no negative 
resistance characteristic and will burn out. 

The above differences in performances are different in 
kind. The Benzer device is different in kind from the de¬ 
vice of Ohl and that of Merritt (Whaley, Tr. 97-98, Joint 
App. 67A-68A). 

Later Improvements Do Not Detract From Benzer’s Con¬ 
tribution. 

Benzer’s invention preceded the work represented by 
Lark-Horovitz, et al., patent No. 2,514,879. The work repre¬ 
sented by that patent had to do with alloying the ger¬ 
manium metal with other metals, non-metals or gases to 
improve the rectifier beyond the stage attained by Ben¬ 
zer’s original experiments (lines 1 to 6, column 1, Lark- 
Horovitz, et al., patent No. 2,514,S79, Def. Exh. 2). 

Neither Experience Nor Theory Pointed the Way for 
Benzer. 

The commercial use of the Benzer invention has been 
very extensive. It has entered fields which did not exist 
before for crystal rectifiers, and it definitely was the fore¬ 
runner of the transistor developed by Bell Telephone Lab¬ 
oratories (Torrey, Tr. 125, Joint App. 86A). In the book 
on crystal rectifiers, of which Dr. Torrey was co-author, 
the high back voltage germanium rectifier is recognized 
as a distinctive thing, and credit for its invention is ascribed 
to Benzer, the applicant in the present controversy (Tr. 
127, Joint App. S7A). In testifying as to the state of the 
prior art when the Benzer invention was first revealed, 
Dr. Torrey’s testimony is as follows: 

“Q. Now, you spoke earlier in your testimony of 
the incredulity of yourself and other scientists of the 
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characteristic curves of the Benzer rectifier here in suit. 
Now, on what was that based? 

“A. Well, it was based upon the fact that none 
of us at the Radiation Laboratory had seen anything 
comparable to Benzer’s curves. There was no basis 
in our previous experience to expect that such a pos¬ 
sibility should exist. We also had, at that time, a 
theory on which we relied, it wasn’t entirely adequate 
but- it gave a good account of many of the facts; but 
this theory was incapable of explaining anything like 
that. I think it is fair to say that there was actually 
nothing in either experience or theory which would 
point to or teach the Benzer results.” (Tr. 127, Joint 
App. 87A.) 
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STATEMENT OF POINTS. 


1. The Benzer invention made a valuable contribution 
to the art of electronics, which invention opened up new 
fields of use in many kinds of circuits, and which displaced 
other crystal rectifiers and electronic tubes. 

The lower Court erred in Finding of Fact # 7 in holding 
that (App. 11A): 

“nothing more than simple research was needed to 
provide industry with the electrical device described 
in the Benzer application in suit and expressed in the 
claims under review, in which the germanium crystal 
is of a purity in excess of 99%, and invention was not 
required.’ ’ 

2. The contribution was inventive in character accord¬ 
ing to the criteria established by judicial decisions. 

This point applies to the same error as referred to under 
point 1. 

3. The extent and character of disclosure demanded by 
the Patent Office exceeds, in this case, the requirements of 
the relevant section of the statute, as interpreted by the 
controlling judicial decisions. 

The Court erred in Finding of Fact # 10 in holding that 
the application is inadequate and defective as a disclosure 
under the statute. 

4. The testimony of a physicist skilled in this art estab¬ 
lishes that the teaching of the invention contained in the 
specification is adequate to enable one skilled in the art to 
make and use the Benzer invention. 

This point applies to the same error as referred to under 
point 3. 
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5. The patent to Ohl No. 2,402,839 does not teach the 
Benzer invention. It discloses silicon as the crystal. Sili¬ 
con does not have the same characteristics nor the same 
performance as germanium. For the purposes served by the 
Benzer invention, Ohl was a failure. 

The Court erred in Findings of Fact #5, #7, and 
# 8 in holding that the patent to Ohl detracts from novelty 
or inventiveness of the Benzer invention. 

6. The Merritt article does not teach the Benzer inven¬ 
tion. It teaches nothing about the degree of purity of 
the germanium as having any influence upon the proper¬ 
ties of the material. 

The Court erred in Findings of Fact #4, #6, #7 
and # 8 in holding that the article by Merritt detracts from 
the novelty or inventiveness of the Benzer invention. 

7. There is no community of teaching in Ohl and Mer¬ 
ritt which would point the way to the Benzer inven¬ 
tion. 

The Court erred in Findings of Fact # 7 and # 8 in hold¬ 
ing that the Merritt article and the Ohl patent together 
teach the Benzer invention. 

8. The evidence shows that crystal rectifiers employ¬ 
ing “pure silicon” were known for 40 years before the 
Benzer invention, that the use of germanium in some form 
for a crystal rectifier was known for about 20 years be¬ 
fore the Benzer invention, and that shortly prior to Ben¬ 
zer’s invention, at least three research teams of scientists 
in the United States and one in England investigated ger¬ 
manium for use in a crystal rectifier. They found nothing 
worthwhile. They dropped the investigation and failed to 
produce the Benzer invention. 

The Court erred in Findings of Fact # 4 and # 7 that 
any research worker would naturally have tested the ef- 
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feet of eliminating impurities and would have made the 
Benzer invention if there had been any need for it. 

9. The testimonv of Dr. Whalev as one skilled in the 
art, leads to the conclusion that claims in suit, namely, 16, 
18, 19, 21, 22, 23 and 24 particularly point out and dis¬ 
tinctly claim the subject matter regarded as the invention 
of Benzer to the full extent required by the statute. 

The Court erred in Findings of Fact ir 3 that the 
claims in suit are not patentable because they do not 
specify the impurities in the crystal. The Court further 
erred in Finding of Fact dr 3 in holding that the distinc¬ 
tion in the claims in suit over the prior art is solely in set¬ 
ting forth the performance of the device. 

The Court erred in Finding of Fact # 11 in holding that 
the claims in suit— 

“express such rectifier in terms of how it performs, 
to the exclusion of all definition of the impurities in 
the germanium crystal which bring such performance 
about, they are indefinite, too broad, and functional, 
and, in consequence, are not allowable.” 

10. The testimony of one skilled in the art leads to the 
conclusion that claims in suit, namely, claims 16, 18, 19, 
21, 22, 23 and 24, distinguish in a patentable sense from the 
teachings of the Merritt article, and the Olil patent taken 
singly or jointly to the full extent required by the statute. 

The Court erred in Finding of Fact # 8 that the claims 
in suit are not patentable over the Merritt article alone, 
and are also unpatentable over the Merritt article in view 
of the patent to Ohl. 

11. The work of Lark-Horovitz and Whaley covered 
by their patent No. 2,514,879 was subsequent to the Benzer 
invention and represented refinements and improvements 
of the Benzer crystal rectifier. 

Lark-Horovitz and Whaley took the teaching of Ben- 
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zer, involving the use of germanium of a purity in excess 
of 99%. They purified the metal to a degree beyond that 
necessary for Benzer’s use, and then re-introduced selected 
impurities in graduated small amounts to make up so-called 
alloys of germanium. These were tested to see what alloys 
gave the best results for the Benzer invention here in issue. 

The Court erred in respect of Finding of Fact # 9 to the 
extent that it held the work of Lark-Horovitz and Whaley 
as represented by their patent No. 2,514,879 as having any 
adverse effect upon the patentability of the Benzer in¬ 
vention. 

12. Naming the impurities in the germanium crystal of 
the Benzer invention is not essential to a valid patent. It is 
essential that the specification teach those skilled in the 
art how to make and use the invention. The Benzer spec¬ 
ification complies with the latter requirement, and the tes¬ 
timony establishes that that is a fact. 

The Court erred in respect of Findings of Fact # 3, 
# 10 and # 11 to the extent that it held that the naming of 
impurities in the germanium of the Benzer invention is es¬ 
sential to patentability. 

13. Preliminary tests to locate the part or parts of the 
ingot of germanium that has or have the desired electrical 
properties is not an undue requirement in the teaching of 
the invention. 

The Court erred in respect to Finding of Fact # 10 to 
the extent that it holds that .naming of the impurities in 
the germanium employed by Benzer is essential to com¬ 
pliance with the requirements of the statute (35 U. S. C. 
112) in respect of the teaching of the invention. 

14. The Benzer invention produced a new result. It 
made an important addition to the sum of useful knowl¬ 
edge. 

The Court erred in respect of Finding of Fact # 11 
to the extent that it held that the claims are too broad. 
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SUMMARY OF ARGUMENT. 


Benzer discovered that within the narrow range of be¬ 
tween 99% and 100% purity, and with the naturally oc¬ 
curring impurities making up the remainder, germanium 
had very remarkable and wholly unexpected properties 
useful in a rectifier. 

The evidence establishes that Benzer made a valuable 
contribution to the art. It performed new’ functions wholly 
unknown in the art. This indicates the presence of in¬ 
vention. 

There was nothing in existing experience of the art or 
in the theory of crystal rectifiers that gave a hint as to the 
possible attainment of these new* functions. In brief, the 
invention was unobvious and the possibility of securing 
the new’ results was unexpected and unlooked for. 

Three teams of scientists in the United States, and at 
least one in England, w’ith the pressing needs of wartime 
demand for a better crystal rectifier before them as their 
objective, failed to produce the Benzer invention. They 
investigated the possibility of using germanium and failed 
to find any possibility in it and dropped it and w’ent to 
something else. This compels the conclusion that there 
w*as more to the invention than following the beaten path. 

If looking in the limited range of between 99% and 100% 
pure with the remaining natural impurities therein w’as so 
obvious as the Patent Office now’ asserts, how could these 
prior investigators have missed it? But they did miss it, 
and the British scientist, Dr. E. G. James publicly admits 
it in Plf. Ex. 2. It w’as not obvious. 

The prior Merritt publication and the Ohl patent, com¬ 
pletely fail to reveal any way of attaining the new results. 
Two failures are not equal to one success. Merritt and 


Olil did not suggest the possibility of the new result to 
those above mentioned (Sperry, General Electric, Univer¬ 
sity of Pennsylvania, and the British group) who were 
eagerly seeking a better rectifier and who actually searched 
the premises, i. c ., germanium itself, and failed to find any¬ 
thing. 

The patent specification is adequate. It complies with all 
the requirements of the statute. No evidence has been ad¬ 
duced to show that one skilled in the art could not from 
its directions construct and use the invention. On the 
contrary, the evidence shows that Dr. Whaley did repeat¬ 
edly, and with not the least difficulty, follow the route laid 
out in the specification and produced and used the in¬ 
vention. 

Such testing as is required to find suitable rectifying 
contacts on the surface of the metal, is common to all crystal 
rectifiers, and is well understood by those skilled in the art. 
The Benzer specification clearly states what needs be done 
in that regard to produce a satisfactory rectifier. Prelim¬ 
inary tests of that character do not put any undue bur¬ 
den upon the man skilled in the art and the Supreme Court 
has upheld them as in Minerals Separation, et al. v. Hyde, 
242 U. S. 261. 

The claims are not functional. There are two specific 
requirements in the claim. The first is chemical, i. e., the 
germanium must be in the purity range of between 99% 
and 100%. The second requirement is electrical. It de¬ 
fines the voltage-current or voltage-resistance characteris¬ 
tics of the point contact on the surface of the specified 
metal, as measured by direct current. No rectification is 
involved in such determination of the characteristics of the 
point contact on the metal. The Patent Office has stub¬ 
bornly refused to admit the obvious truth that the curves 
of Figure 2 of the patent drawings do not show rectified 
current, but show characteristic curves of point contact on 
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various samples of the metal. The claims recite the char¬ 
acteristics as they are shown on the curves, and not the 
function of the device. 

The claims when read in the light of the specification 
as they must always be (see Schriber-Schroth Co. v. Cleve- 
la'nd Trust Co., 311 U. S. 211, 217) adequately perform this 
statutory function of defining the invention. 

The device claimed involves a germanium crystal of a 
certain composition and a needle in contact with a point 
on the surface of the crystal. No one knows just what the 
structure is at this junction of needle and crystal, and no 
one knows how or why this junction exhibits the character¬ 
istics which it does. But the characteristics are definite 
and distinctive. They are recited in the claims to distin¬ 
guish the applicant’s invention from all other devices. Use 
of such characterization to distinguish is proper under 
the decided cases. It complies with the law as to the re¬ 
quired nature of the claims (35 U. S. C. 112). 

There is ample precedent for claims of this type, par¬ 
ticularly in this art of rectifiers where it is impossible to de¬ 
fine the invention without reciting in the claims the char¬ 
acteristics of the cooperating elements. See the claims 
approved by this Court in Raytheon Mfg. Co. v. Coe, 96 F. 
(2d) 527, 37 U. S. P. Q. 112, 68 App. D. C. 255, see likewise 
the claims on a rectifier sustained by the 6th C. C. A. in 
Union Switch and Signal Co. v. Kodel Electric & Mfg. Co., 
55 F. (2d) 173. 

Dr. Whaley, an expert physicist, and Dr. Torrey, an ex¬ 
pert on crystal rectifiers, both testified that nothing in ex¬ 
perience in the art and no theory of current conduction in 
a crystal rectifier gave any indication that the Benzer re¬ 
sult was possible. 

The invention is important. It has gone into very great 
use, and has supplanted other rectifiers and has supplanted 
tubes. There is nothing in the art which is anywhere near 
its equal, and the public has gained enormously. 


ARGUMENT. 


The Subject of the Controversy. 

Germanium is a very rare metal. It occurs in nature never 
as the metal, but only in combined form. Compounds con¬ 
taining it are widely distributed in the earth’s crust, but 
occur in very dilute form. The metal is recovered as a by¬ 
product of zinc production and current publications indi¬ 
cate that a carload of zinc ore, contains about one pound of 
germanium. A tremendous amount of material must be 
concentrated to get a little germanium. Because of its 
initial dilution with so much other mineral material, it 
tends to contain a wide variety of impurities when reduced 
to the metal. 

Benzer discovered that as you purify germanium up to 
the range of between 99% and 100%, where there is still a 
correspondingly small amount of its natural impurities left, 
it will exhibit remarkable properties as a crystal recti¬ 
fier. Such a crystal rectifier will stand large amounts of 
current flow, is self-protecting and self-healing, and will 
not burn out in use. 

It has among its other qualities a large capacity for 
current in a forward direction, a remarkably high resist¬ 
ance to current flow in the backward direction, and a nega¬ 
tive resistance characteristic beyond a peak back voltage, 
the like of which does not exist in any prior device. Benzer 
in his specification teaches that completely pure germanium 
is not desired, and that small amounts of impurities—he 
calls them ionized impurities—are required to produce car¬ 
riers for current conduction through the material. The 
naturally occurring impurities will always supply the 
needed amount, and the problem is not to get impurities 


into the germanium, for it does not occur pure anywhere. 
The difficulty is to get the impurities out in order to get 
to the high degree of purity above indicated. 

After Benzcr made his invention, others in the same 
Purdue group, namely, Lark-Horovitz and Whaley,—see 
their patent No. 2,514,879—found that by taking out the 
naturally occurring impurities to a very high degree, and 
then putting back into the purified germanium small 
amounts of selected impurities, one at a time, they could 
determine the effect of specific impurities. They found, for 
example, that if they purified the germanium to a high 
degree, and then put in only the element tin, the high back 
voltage characteristic and the negative resistance charac¬ 
teristic would be materially enhanced. 

It detracted in nowise from the Benzer invention to have 
others come along and increase the practical or scientific 
knowledge of the invention, or to improve upon it. That 
is what Lark-Horovitz and Whaley did. The Benzer speci¬ 
fication, page 12, last paragraph, refers to their work as 
revealing an improved way of carrying out his invention. 

The Benzer specification teaches that if you order pure 
germanium from Eagle-Piclier Lead Company of Joplin, 
Missouri, the so-called pure germanium will, when it is in 
the range of purity of between 99% and 100%, contain 
enough naturally occurring impurities to give you the 
Benzer result.* 

Also, the Benzer specification teaches that one may take 
germanium oxide and reduce it with sugar carbon in an 
electric furnace. This again will contain enough of the 
naturally occurring impurities to give you the Benzer in¬ 
vention. 

The Patent Office has taken the position that Benzer 

* Eagle-Picher Lead Company was the only important domestic pro¬ 
ducer of this material at the time Benzer made the invention. At the 
time of the trial that was still true. 
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must tell what are these naturally occurring impurities 
found in the germanium when it is of a purity of the order 
of 99% to 100%, or else he cannot have his patent. The 
Patent Ofice does not claim that anyone following the di¬ 
rections of the Benzer specification would fail to arrive 
at the Benzer results. There is neither testimony that the 
Benzer specification is insufficient, nor is there any plausi¬ 
ble reason given by the Patent Office for that position. 

On the contrary, there is evidence by a man skilled in 
the art, namely, Dr. Whaley, who testified that he has re¬ 
peatedly made up rectifiers following exactly the Benzer 
specification, and he has always succeeded in securing the 
Benzer result. 

The Patent Office argues that Benzer said in his specifica¬ 
tion, page 10, first paragraph, and Dr. Whaley testified to 
the effect “that not all impurities in germanium are suit¬ 
able for practicing my invention (Joint App. 105A). ,, 
That is true, but it does not affect the validity or accuracy 
of Benzer’s directions of how to produce the invention. 
The statement in the specification, and the testimony of Dr. 
Whaley are simply a caution that if you are going to take 
the route w r hich Lark-Horovitz and Whaley took later, 
namely, of taking out all of the impurities possible, and 
then introducing only one kind of impurity at a time, you 
may find some that if used alone are not suitable. 

When Lark-Horovitz and Whaley began the systematic 
study of the effect of individual impurities, they found that 
some elements, such as indium and gallium, if used alone 
were not suitable. But that does not affect the validity of 
the Benzer teachings. For unless you specifically manipu¬ 
late the germanium to take out all other impurities and to 
introduce only those specific impurities to the exclusion 
of all others, you would not need to know the fact that cer¬ 
tain specific impurities alone are not good ones. 
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There is no concealment in the specification; there is 
nothing which is misleading; all the statements are forth¬ 
right and factual, and no man skilled in the art of crystal 
rectifiers could honestly say that he was not able to follow 
the Benzer teachings to a successful production of the 
Benzer device. 

Invention Is Here Indicated. 

There was a long standing problem. Crystal rectifiers 
used as detectors for spark telegraph waves were known 
for forty years before the Benzer invention. Patents and 
publications back in 1906 cover the use of pure silicon in a 
crystal detector rectifier. These devices were known to be 
frail and delicate and unreliable, and as soon as the elec¬ 
tron tube was invented, it replaced the crystal rectifier as a 
detector of radio waves. About twenty vears before the 
Benzer invention, namely, 1925, Merritt published data and 
curves of tests he made on a sample of germanium of an 
unknown degree of purity. These tests show that the sam¬ 
ple had rectifying properties which were about the equiva¬ 
lent of known silicon rectifiers. Meanwhile, tubes had re¬ 
placed crystal rectifiers for radio program recej^tion. 

When World War II came along, radar was developed in 
Great Britain to combat the Nazi air raids. At first, low 
frequencies were used, and tubes sufficed, but as radar was 
improved, higher frequencies were employed, and tubes 
became inadequate. 

There Was a Pressing Need for the Invention. 

Dr. Whaley, after explaining the deficiencies of known 
crystal rectifiers, said (Tr. 23, Joint App. 16A-17A): 

“It was a very pressing problem in the war. * * * 
The problem was to provide a more efficient, a more 
reliable crystal component for the radar set, because 


that was, I am sure, the weakest part of the radar sys¬ 
tem.” 

Attempts were made by those skilled in the art to supply 
this need, but without success. The laboratories of the 
Sperry Gyroscope Company, of General Electric Company, 
of the University of Pennsylvania, and of an English group 
of investigators, undertook to solve the problem. They in¬ 
vestigated the possibilities of using germanium in a crys¬ 
tal rectifier. Their investigation came to naught, and they 
abandoned the use of germanium and took up the study of 
silicon instead. Thus they examined the very ground where 
Benzer later made liis discovery. 

The Supreme Court said, in Goodyear Tire & Rubber 
Company , Inc. et al. v. Ray-O-Yac, 321 U. S. 275, at 279: 

“Viewed after the event, the means Anthony 
adopted seem simple and such as should have been 
obvious to those who worked in the field, but this is 
not enough to negative invention. During a period of 
half a century, in which the use of flash light batteries 
increased enormously, and the manufacturers of flash 
light cells were conscious of the defects of them, no 
one devused a method of curing such defects. Once 
the method was discovered it commended itself to the 
public, as evidenced by marked commercial success. 
These factors were entitled to weight in determining 
whether the improvement amounted to invention and 
should, in a close case, tip the scales in favor of patent¬ 
ability.” 

Nothing in past experience suggested the Benzer inven¬ 
tion. Dr. Torrey said, (Tr. 128, Joint App. 87A): 

“I think it is fair to say that there was actually 
nothing in either experience or theory which would 
point to or teach the Benzer results.” 

No crystal rectifier in existence prior to Benzer had high 
back voltage, negative resistance above a certain peak 
voltage, or high forward current carrying capacity, and 
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as a result, such crystals all burned out in use upon the 
slightest overload. 

Nothing in known theory indicated any possibility of 
the Benzer invention. 

The teaching of Merritt was to the effect that the 
rectifying property of the germanium sample which he 
tested, and of all crystal rectifiers as well, lay in an oxide 
coating on the surface. 

Merritt closes his article with the conclusion (Joint App. 
223A 18): 

“The results therefore support the view that the 
presence of a high resistance film is an important and 
possibly an essential factor in determining the be¬ 
havior of contact rectifiers.” 

To this sentence he appends a footnote as follows: 

“Indications that a film separates the two surfaces 
in a rectifying contact have been found by numerous 
observers. Perhaps the most direct evidence of the 
importance of such a film is to be found in the papers 
of Goddard and Flowers here referred to: Goddard, 
R. H. Physic Rev. 34 p. 423. 1912, and Flowers, A. E. 
Ibid , 29 445, 1909.” 

This teaching of Merritt to the effect that the rectifying 
characteristic of crystal rectifiers and specifically of ger¬ 
manium lay in a surface layer of oxide or film of some 
kind, not only gave no hint of the Benzer discovery, but 
in fact led away from it. Later researchers, attempting 
to follow Merritt, could not arrive at the Benzer inven¬ 
tion without a complete departure from Merritt’s dis¬ 
closure. The instructions of Merritt were wrong. 

The Ohl patent described the use of pure silicon. But 
pure silicon burns out, on the least overload. It cannot 
stand over three volts in the back direction, and it has no 
negative resistance characteristic. In brief, there was 
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nothing in the theory or practice of the silicon rectifier 
that gave any indication of the possibility which Benzer 
discovered. 

New functions in the art of crystal rectifiers were 
brought into being in the Benzer discovery. These are 
enumerated in the Benzer specification. See the numbered 
paragraphs on pages 3 and 4 of the application (Joint App. 
100A-101A). They included the very important character¬ 
istics of high current carrying ability for voltage in a 
forward direction, high back voltage resistance, and nega¬ 
tive resistance beyond a peak back voltage. No crystal 
rectifier had anything approaching this. 

A new result of great value was that the Benzer crystal 
rectifier would not burn out. It was self-healing and self- 
protective, a feature which did not exist prior to his 
discovery. 

The attainment of a new result is strong evidence of 
invention. In Loom Company v. Higgins, 105 U. S. 580, 
at 591, the Supreme Court said: 

‘ ‘ It may be laid down as a general rule, though per¬ 
haps not an invariable one, that if a new combination 
and arrangement of known elements produce a new 
and beneficial result never attained before, it is evi¬ 
dence of invention.” 

In Smith v. Goodyear Dental Vulcanite Co., 93 U. S. 486, 
at 496, the Court said: 

“But where there is some such new and useful result, 
where a machine has acquired new functions and use¬ 
ful properties, it may be patentable as an invention 
though the only change made in the machine has been 
supplanting one of its materials by another. This is 
true of all combinations, whether they be of materials 
or processes.” 

Large commercial use of the invention promptly fol- 
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lowed its release to the public. As pointed out above, at 
least sixteen manufacturers, including such giants as West¬ 
ern Electric Company, General Electric Company, West- 
inghouse Electric Company and RCA, began the produc¬ 
tion of these Benzer “germanium diodes” and they have 
been sold in the millions. Application of the Benzer recti¬ 
fier to a wide variety of new uses in electronics immedi¬ 
ately sprung up. Tested by the standard of instant adop¬ 
tion and wide use by the public, the Benzer contribution 
stands out as inventive. 

The important consequences of the invention were not 
only that it was a new tool in the electronics art, which 
replaced other crystal rectifiers and replaced hot cathode 
electric tubes, but it made a contribution to science, in 
that it demonstrated a mode of current conduction in a 
so-called semi-conductor for which science had no explana¬ 
tion. New theories were necessary. The announcement of 
the discovery created intense interest among scientists, 
and discussion as to the theory of the scientific laws on 
which the Benzer rectifier operated were carried on widely 
and intensively (Whaley, Tr. 112-114, Joint App. 77A-79A, 
Torrev, Tr. 121, 127-12S, Joint App. S3A, 86A-S7A). 

The Supreme Court said in Minerals Separation Limited 
v. Hyde, 242 U. S. 261, at 270: 

“The record shows not only that the process in 
suit w r as promptly considered by the patentees as an 
original and important discovery, but that it wras im¬ 
mediately generally accepted as so great an advance 
over any process known before that, without puffing 
or other business exploitation, it promptly came into 
extensive use for the concentration of ores in most, if 
not all of the principal mining countries of the w’orld, 
notably in the United States, Australia, Sweden, Chile 
and Cuba, and that, because of its economy and 
simplicity, it has largely replaced all other processes. 
This, of itself, is persuasive evidence of that inven- 
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tion which it is the purpose of the patent laws to 
reward and protect. (Citing cases.)” 

Progress of science and the useful arts was definitely 
contributed by the Benzer invention. 

The Supreme Court said in United States of America v. 
Dubilier Condenser Cory., 289 U. S. 178 at 186: 

“An inventor deprives the public of nothing which 
it enjoyed before his discovery, but gives something 
of value to the community by adding to the sum of 
human knowledge.” 

Judge Cox, speaking for the Second Circuit Court of 
Appeals in O’Rourke Engineering Co. v. McMullen et al., 
160 F. 933, at pp. 938-939, said: 

“The principal question in such cases is: Has the 
patentee added anything of value to the sum of human 
knowledge, has he made the world’s work easier, 
cheaper and safer, would the return to the prior art 
be a retrogression? When a court has answered this 
question, or these questions, in the affirmative, the 
effort should be to give the inventor the just reward 
of the contribution he lias made. The effort should 
increase in proportion as the contribution is valuable. 
Where the court has to deal with a device which has 
achieved undisputed success and accomplishes a re¬ 
sult never attained before, winch is new r , useful and 
in large demand, it is generally safe to conclude that 
the man viio made it is an inventor.” (Citing cases.) 

‘ 1 The keynote of all the decisions is the extent of the 
benefit conferred upon mankind. Where the court 
has determined that this benefit is valuable and ex¬ 
tensive it will, w r e think, be difficult to find a wrell 
considered case wffiere the patent has been overthrown 
on the ground of nonpatentability.” 

The Prior Art Fails Completely. 

The prior art relied on by the Patent Office comprises 
the Merritt publication in the Proceedings of National 
Academy of Sciences, 1925, and the patent to Ohl, No. 
2,402,839, of June 25, 1946. 
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Merritt investigated the characteristic of a germanium 
crystal of unknown composition. He found nothing un¬ 
usual in respect to its rectifying properties. It was about 
the same as silicon for a crystal rectifier. He found that 
the contact was unstable above three volts (see page 744) 
and that on the whole, the material was not substantially 
different from silicon. Also, he says (p. 744) (Joint App. 
223A 14): 

“It will be noticed that the asymmetry of the char¬ 
acteristics is not nearly so marked as in the case of 
Se or of many of the crystals used in crystal detectors.’’ 

That means that for rectification purposes, germanium 
was found to be inferior to selenium “or of many of the 
crvstals used in crvstal detectors.” Also, in no case was 
any marked superiority over selenium or silicon sug¬ 
gested anywhere in the paper. This certainly contains no 
suggestion of the Benzer invention. 

Merritt never examined germanium in the range of 
purity of between 99% and 100% where Benzer made his 
discovery. 

The Olil patent, No. 2,402,839, relates solely to the use 
of silicon. Ohl admits, column 3, line 67 to column 4, line 
12, that high purity silicon metal was on the market prior 
to his invention, and all he did was to melt it in a certain 
way and cut it up. The patent to Ohl also states that the 
art was taught, as early as 1906, to use “pure silicon” 
for the silicon rectifying detector. 

Now the findings below propose to add together the 
teachings of Merritt and the teachings of Ohl, and thereby 
arrive at the Benzer invention. That is clear error. 

Judge Learned Hand, for the Second Circuit Court of 
Appeals, said in Dewey & Almy Chemical Co. et al. v. 
Mimex Co., Inc., 124 Fed. (2d) 9S6, at p. 989: 

“No doctrine of the patent law is better established 


than that a prior patent or other publication to be an 
anticipation must bear within its four corners ade¬ 
quate directions for the practice of the patent invali¬ 
dated. If the earlier disclosure offers no more than a 
starting point for further experiments, if its teaching 
will sometimes succeed and sometimes fail, if it does 
not inform the art without more how to practice the 
new invention, it has not correspondingly enriched 
the store of common knowledge, and it is not an antici¬ 
pation.” 

See also the cases there cited on the above point. 

Adequacy of the Specification. 

Benzer was not the first to find that germanium could to 
some extent be used in a crystal rectifier. There were 
others who had found that broad fact before him, for ex¬ 
ample, Merritt. The Benzer discovery was that in the 
narrow range of between 99% and 100% purity, with the 
small corresponding amounts of naturally occurring im¬ 
purities remaining therein, germanium had most remark¬ 
able new properties for point contact electrical rectifiers. 
A point contact rectifier constructed with germanium of 
that character gives new and useful results which neither 
experience nor theory suggested as being possible. 

The new and unexpected results and advantages are set 
forth in detail in numbered paragraphs 1 to 8 on pages 3 
and 4 of the original Benzer specification (Joint App. 
100A-101A). 

In respect of the specific material on which the dis¬ 
covery was made, Benzer says, on page 9 of his original 
specification (Joint App. 105A): 

“Pure solid germanium would have a high electri¬ 
cal resistance, but this germanium received from 
Eagle-Picher Lead Company was found to have ap¬ 
preciable electrical conductivity to a degree indicating 



the presence of ionized impurities, although it was 
prepared to be free of impurities. The observation 
may be drawn therefore that in the refining or reduc¬ 
ing of the materials in which germanium is found 
there remained in the metal germanium as produced 
by the Eagle Picher Lead Company certain minute 
quantities of ionized impurities which are effective in 
modifying the electrical characteristics of pure germa¬ 
nium to produce the results observed by me.” 

An affidavit by Harold Harner, Chief Chemist of the 
Eagle Picher Lead Company of Joplin, Missouri, filed in 
the Patent Office September 18, 1947, establishes that the 
material supplied to Benzer was of a purity between 99% 
and 100%, and as Benzer pointed out in the above quoted 
part of his specification, the minute quantities of ionized 
impurities were those which remained in the metal germa¬ 
nium as produced in the refining or reducing of the mate¬ 
rials in which germanium is found. 

This confirms the Benzer discovery that in the narrow 
range of purity between 99% and 100%, and with the cor¬ 
respondingly small amount of naturally occurring impuri¬ 
ties remaining therein, germanium had remarkable prop¬ 
erties for crystal detectors which constituted it a new 
device having a new mode of operation and giving a new 
result. 

The specification also points out, top of page 10, that 
when the germanium is produced by reducing the oxide, 
the metal does not become too pure for this use, since the 
required minute amounts of ionized impurities will be 
found to be present. It is postulated that they come either 
from impurities in the germanium dioxide or from impu¬ 
rities in the carbon material or from the atmosphere. At 
all events, they will be present in sufficient degree to give 
the Benzer effect. 

The specification explains that metallic germanium se- 
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cured either as the metal, or secured as the oxide and re¬ 
duced to the metal, when examined in the ingot form with 
a probe, will reveal the portions from which satisfactory 
rectifier crystals may be cut. 

There is no evidence in the record which in the slightest 
degree challenges the teachings of the Benzer specifica¬ 
tion. The testimony of Dr. Whaley on this point is to the 
effect that he had repeatedly followed the instructions of 
the Benzer specification, and that he knows that others 
have, and that in no case have they failed to arrive at a 
satisfactory crystal rectifier embodying the Benzer inven¬ 
tion. 

Finding of Fact No. 10 declares the specification to be 
inadequate and defective because the impurities remain¬ 
ing in the germanium, when it is brought up to a purity of 
between 99% and 100% are not specifically named in the 
specification. 

There is no evidence in the case that this renders the 
teaching inadequate or defective. Neither does the evi¬ 
dence indicate that one skilled in the art could not, by 
following the teaching, arrive at the invention. On the 
contrary, there is the testimony of Dr. Whaley that he 
and others have found no difficulty in following the teach¬ 
ings of the Benzer specification to produce a satisfactory 
device embodying the Benzer invention. 

Furthermore, it is established law that the inventor does 
not need to know why or how his invention works. All he 
needs to do is to teach others how to practice it. In 
Diamond Rubber Co. v. Consolidated Tire Co., 220 U. S. 
428 at 435, the Supreme Court said : 

“A patentee may be baldly empirical, seeing nothing 
beyond his experiments and the results; yet if he has 
added a new and valuable article to the world’s utili¬ 
ties he is entitled to the rank and protection of an 
inventor. And how can it take from his merit that 



he may not know all of the forces which he has brought 
into operation ? It is certainly not necessary that he 
understand or be able to state the scientific principles 
underlying his invention. And it is immaterial whether 
he can stand a successful examination as to the specu¬ 
lative ideas involved. (Citing Cases.) He must indeed 
make such disclosures and description of his invention 
that it may be put into practice. In this he must be 
clear. He must not put forth a puzzle for invention or 
experiment to solve, but the description is sufficient if 
those skilled in the art can understand it. This satisfies 
the law, which only requires as a condition of its pro¬ 
tection that the world be given something new and 
that the world be taught how to use it. It is no con¬ 
cern of the world whether the principle upon which 
the new construction acts be obvious or obscure, so 
that it inheres in the new construction.” 

So in the present case, so long as the teaching is ade¬ 
quate to instruct those skilled in the art to make and use 
the invention, it is, under the terms of the statute, adequate 
for the purpose. 

Now it is true that Lark-Horovitz and Whaley, coming 
later, investigated the effect of individual impurities in 
germanium metal and set forth the result of that inquiry 
in their patent No. 2,514,879. While that knowledge im¬ 
proved the process of production of the Benzer rectifier, 
and enhanced certain qualities obtainable through the use 
of certain individual impurities, it was not necessary for 
the practice of the Benzer invention. Useful devices could 
be produced, and the testimony shows were widely pro¬ 
duced commercially by following not the perfected tech¬ 
nique of Lark-Horovitz and Whaley, but following the 
original instructions of the Benzer specification (Whaley, 
Tr. 75, Joint App. 53A). 

The Patent Office has urged, and the Court has found 
in Findings 6 and 7, that Merritt teaches that silicon and 
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germanium have similar rectifying properties. But this 
overlooks the fact that what Merritt actually teaches is 
that neither silicon nor germanium as Merritt knew it, 
have the characteristics and possibilities of the Benzer 
invention. Benzer discovered that germanium has remark¬ 
able properties in a certain range of purity, but no one 
could gather that fact from the teachings of Ohl because 
silicon in no range of purity exhibits the remarkable qual¬ 
ities that germanium does in the aforesaid narrow range 
of purity. Those qualities had never been known or sus¬ 
pected in any kind of metal whatever. 

The fallacy is in assuming that one could foretell from 
the qualities of silicon what germanium would do in the 
certain narrow range which Benzer was the first to in¬ 
vestigate. As Mr. Justice Holmes said in Minerals Sep¬ 
aration v. Magma■ Co., 280 U. S. 400, at 403: 

“There is no ‘of course’ as to what nature can 
do except as proved by observation and experiment”. 

See also United Chromium v. International Silver Co., 53 
Fed. (2d) 390, 393, modified but affirmed 60 Fed. (2d) 913 
(C. C. A. 2, 1932). 

“Chemistry is essentially an experimental science 
and chemical prevision is as impossible today in spite 
of the accumulation of the great knowledge as it was 
in former times.” 

As the Court said in Aeration Process Co. Inc. v. Walker 
Kidde & Co., Inc., 17 Fed. Sup. 647, 76 U. S. P. Q. 455, 
at 459: 

“In chemistry one cannot anticipate a result. A 
result may be obtained only by experiment.” 

Both Ohl and Merritt failed to make the Benzer 
discovery or to produce the Benzer invention. But the 
Court below has found that these two failures are the equal 
of Benzer’s success. That is clearly erroneous. 
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The Claims Are Not Functional 

Findings Nos. 3 and 11 hold the claims in suit bad be¬ 
cause they do not recite the impurities which were con¬ 
tained in the germanium that Benzer employed for a recti¬ 
fier, or which would be contained in metal secured in either 
one of the two ways set forth in the specification. 

We submit that the claims do not need to teach the 
invention. They merely need to “particularly point out 
and distinctly claim the subject matter which the appli¬ 
cant regards as his invention”. (35 U. S. C. 112.) There 
is no showing in the record anywhere that the claims 
fail to point out and distinctly claim the Benzer invention. 
It is not alleged that the claims read on Merritt or Ohl or 
anything in the prior art, and there is no finding to that 
effect. 

Now the claims do not depend solely upon reciting the 
range of purity within which the Benzer invention is 
found, since it is recognized that certain impurities alone 
would not produce the characteristics of the material of 
the Benzer invention. Hence, the claims contain the addi¬ 
tional limitation of the electrical characteristics of the 
metal in that range of purity which make the rectifier 
valuable and which characterize the material if obtained 
by either of the two methods of preparation taught in the 
Benzer specification. 

Benzer did not at first know, and did not need to know, 
for the making of his discovery and for the production of 
devices repeating his original results, that some impurities 
alone might not be suitable, but he requires in his claims 
that the material to produce his rectifier must first be in 
the purity range above 99%, and, second, that it have 
certain electrical characteristics. He pointed out in his 
specification that to obtain a suitable number of crystals 
for making rectifiers, the metal may be obtained either 
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from Eagle-Picher Lead Company as pure germanium, or 
it may be produced by reduction of the oxide, and then the 
surface of the ingot so produced may be probed to find 
portions of the ingot from which suitable wafers may be 
cut. In view of the two limitations of the claims, namely, 
first, the range of purity limitation, and, second, the elec¬ 
trical characteristics limitation, the claims perform the 
function which they are called upon by the statute to per¬ 
form. 

We call attention specifically to the claims which this 
Court approved in a case under R. S. 4915 in which the 
subject matter was an electrical rectifier, namely, Raytheon 
Manufacturing Co. of Newton, Mass. v. Coe, Commissioner 
of Patents, 68 App. D. C. 255, 96 Fed. (2d) 527. The two 
claims on appeal, numbers 40 and 41, are reproduced below 
in a footnote.* 

In regard to them, the Court said: 

“While it is incumbent upon an applicant plainly 
to state the scope of his invention or discovery in ac¬ 
cordance with R. S. § 4888, as amended, 35 U. S. C. A. 
§33, requiring that he ‘shall particularly point out 
and distinctly claim the part, improvement, or com¬ 
bination which he claims as his invention or discov¬ 
ery’ (Cases cited), it should be kept in mind that 
claims are interpreted with reference to the specifi¬ 
cation and drawing. In the present case, we think the 
applicant has so drawn claims 40 and 41 as to avoid 
the charge that they are improperly functional.” 


40. A gaseous discharge device comprising a tube containing a cathode, 
and means for rotating said discharge adjacent said cathode surface to 
maintain by centrifugal action a high pressure adjacent said cathode 
surface whereby a low voltage discharge may be maintained between 
said cathode surface and said anode. 

41. A unidirectional gaseous discharge device comprising an evacuated 
envelope containing gas, a cathode having an extended discharge surface 
producing an electron discharge to said anode during operation, and 
means for producing a magnetic field in the discharge space between said 
cathode surface and said anode to impart a gas movement in said enve¬ 
lope for producing a high pressure in the region adjacent said cathode 
surface, whereby a low voltage discharge may be maintained between said 
cathode surface and said anode. 
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In another case involving an electrical rectifier, namely, 
Union Switch & Signal Co. v. Kodell Electric & Mfg. Co., 
55 Fed. (2d) 173 (6th C. C. A.), the claims, numbers 12 
and 16, reproduced in the margin below** were held 
valid and infringed. Those claims employed the same 
method of defining the characteristics of the rectifying ma¬ 
terial as the applicant here employs. The Court did not 
hesitate to sustain the claims. 

Considering applicant’s claim 23 as typical in form, al¬ 
though being specifically limited to the negative resistance 
characteristic, this claim calls for three elements: first, 
the body 5 on the application drawings of semi-conducting 
germanium which has a purity of above 9.9%. Note that 
it is semi-conducting, and hence there is no absence of 
conductivity. The next element is a contact, which in the 
application drawings is the base or block 8. The “ elec¬ 
trical conductor in contact with a point on the surface of 
the body” is shown as the needle or cat’s whisker 6 in the 
drawings. Now the claim recites that the metallic con¬ 
ductor or cat’s whisker is to be set down on a point on the 
surface of the body,— 

“said point being selected to provide the prop¬ 
erty that when a voltage is applied across said de¬ 
vice, the current voltage characteristic in the back or 
high resistance direction exhibits a voltage peak of 
at least five volts beyond which peak an incremental 
increase in current is accompanied bv an incremental 
decrease in voltage drop across the device.” 


** 12. In a rectifier device, a copper plate constituting the cathode of 
the rectifier, a solid layer of cuprous oxide integrally formed over a 
relatively extended portion of the surface of said plate, the junction be¬ 
tween said bodies being utilized to permit a relatively free flow of elec¬ 
trons from the copper to the oxide while obstructing electron flow in 
opposite direction under substantial absence of electrolytic or chemical 
changes in the portions near said junction. 

16. In a rectifying device, two dissimilar bi-laterally conducting 
bodies integrally joined to each other over an extended area, the junc¬ 
tion between said two bodies constituting a uni-directional current valve 
permitting substantially free electron flow only in one direction there- 
across under substantial absence of electrolytic or chemical changes in the 
portions of the two bodies adjacent to said junction, the conductivity of 
one of said bodies being relatively low as compared to the conductivity 
of the other of said bodies. 
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The characteristic which has just been recited is in any 
case determined by applying direct current voltage of 
known value upon the whisker 6 and the germanium body 
5 and reading the current value, then progressively in¬ 
creasing the voltage and reading the corresponding cur¬ 
rent value, this being done over sufficient range of volt¬ 
ages, first in the forward direction, and then in the back¬ 
ward direction to secure the desired data for determining 
the location of points through which the curves of Figure 
2 may then be drawn. Now these curves are “character¬ 
istic curves’’. They are not illustrations of the function 
of the device because the function of the device is to rectify 
alternating current. A graph of rectified current would 
present a series of loops along a horizontal axis indicating 
impulses of current flowing in one direction only, at the 
frequency of the alternating voltage impressed upon the 
device. 

In brief, what the Patent Office has stated and the lower 
Court has found to be functional or a mere expression of 
the operation of the device, is actually a statement of the 
characteristics of the germanium metal when contacted 
with the point. That distinction is fundamental. 

The distinction between the function of a device and 
the characteristics of the device may be illustrated in the 
following maimer: Consider a bar of iron used as a lever. 
The characteristics of the bar are: that the material there¬ 
of is heavy; it has a certain strength in tension, a certain 
strength in compression, and a certain modulus of elas¬ 
ticity. Those are its characteristics. Now its function is 
that it is used as a lever. The “characteristics” define the 
qualities of the bar, and the term “lever” defines the func¬ 
tion or use of the device. So in the present case, the claims 
define, not by the function, which is to rectify, but by the 
characteristics of the material which exhibits certain re¬ 
sistances to current flow under certain voltages in one di- 
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rection or the other. This difference between the char¬ 
acteristics of the germanium crystal and the function of 
the device, as particularly related to claim 23, is covered 
by the testimony of Dr. Whaley. (See particularly Tr. 95, 
Joint App. 66A.) Dr. Whaley also explains the signifi¬ 
cance of the limitations in claim 21 that they recite not 
functions, but characteristics which distinguish the appli¬ 
cant’s invention from other devices. (See Tr. 89-93, Joint 
App. 62A-65A.) 

In Minnesota Mining & Manufacturing Co . v. Interna¬ 
tional Plastics Corporation, 7th Cir. Ct. of Appeals, 159 
Fed. (2d) 554, at 558, the Court said: 

“It is urged by appellant that some of the claims 
are functional. If so, such language is in the words 
of limitation which expressed the relationship of the 
structural elements only, and for this reason such 
claims are not to be considered as functional.” 

In Linde Air Products Co. v. Graver Tank & Manufac¬ 
toring Co., 7th Cir. Ct. of Appeals, 167 Fed. (2d) 531, at 
536, the Court said: 

“Furthermore, these claims now under considera¬ 
tion seem to be sufficiently definite when construed in 
the light of the specification. The statute merely 
states that the claims should particularly point out 
and distinctly claim the part, improvement or com¬ 
bination "which the applicant claims is his invention 
or discovery. 35 U. S. C. A. § 33. It would seem that 
this statute only requires that the claims point out 
the invention, not that they redescribe it.” 

CONCLUSION. 


The burden upon Appellants to demonstrate clear error 
as to the controlling findings of the District Court is herein 
clearly recognized. Appellants submit that the proofs 
in character and degree leave no doubt of patentability. 


Invention as such is incapable of direct proof, but the nu¬ 
merous criteria of invention such as long felt want first sat¬ 
isfied by the invention, a new result performed by the in¬ 
vention, the unsuccessful attempts of prior workers in the 
same field to produce the desired result by any means 
whatever. The simplicity of the means adopted to se¬ 
cure the new result, the inability of scientists to provide a 
scientific explanation of how the invention is able to per¬ 
form the new result, the skepticism and disbelief of those 
working in the art that such a result was possible, all 
compel the conclusion that invention is present. 

Further criteria of invention are the immediate accept¬ 
ance and adoption of the invention by the electronics in¬ 
dustry, in supplanting other crystal detectors, and in tak¬ 
ing the place of electron tubes, and its employment for 
circuits and purposes over a wide range of electronic ap¬ 
plications where no crystal device had been used before. All 
this plus manufacture and sale of the device by sixteen 
prominent manufacturers of electronic equipments, and the 
resultant great benefit to the public, compels the conclu¬ 
sion of clear error. 

The prior art patent to Ohl and the Merritt publication 
show on their face that they are incapable of producing the 
new result of the Benzer invention and nothing in them inti¬ 
mates that such a new- result was thought possible of at¬ 
tainment. The finding below of lack of invention over Ohl 
and Merritt is clearly in error. 

On the question of sufficiency of the specification to 
teach those how to make and use the invention, the un¬ 
contradicted testimony of Dr. Whaley, whom the Court 
below included in the statement—“the Court has had the 
benefit of very fine and excellent testimony”—, has tes¬ 
tified as a fact witness that he has repeatedly followed 
the teachings of the specification, and has not failed to 
produce the invention. He further testified as a fact wit- 
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ness that manufacturers of the rectifiers of Benzer’s inven¬ 
tion are producing commercial devices by following the 
exact route laid out in the Benzer specification. The tes¬ 
timony is not contradicted or questioned by any evidence 
in the case. The finding of insufficiency of the specification 
by the Court below is clear error. 

As to finding of functionality of the claims, we submit 
the Court’s opinion shows that the Court was confused on 
what was at issue. The case upon which the Court relied 
(Ainsworth v. Gill Glass ancl Fixture Co., 26 F. S. 183,186), 
for its position on functionality of the claims, we respect¬ 
fully submit does not relate to that subject in any degree 
whatever. It relates to unfair competition where the 
right to copy a functional feature of an unpatented de¬ 
vice is in question. 

We have the uncontradicted testimony of the witness 
Dr. Whaley that the alleged statement of function to which 
the Patent Office has objected is in fact a description of a 
characteristic of the point contact on the germanium body 
determined by direct current tests and not a statement of 
the function of the device, which function is rectification of 
alternating current. We have shown that Courts—includ¬ 
ing this Court—have approved of claims of substantially 
the form here in question. The testimony of Dr. Whaley 
further establishes, without contradiction or question, that 
the claims in suit distinguish the Benzer invention from 
the devices of the prior art. The finding of the Court to 
the contrary is, we respectfully submit, clear error. 

Authorization of the Commissioner of Patents to issue 
the patent is therefore respectfully requested. 
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